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UREA-CONTAINING HYDROXYETHYLAMINE COMPOUNDS AS RETROVIRAL 
PROTEASE INHIBITORS 



This application is a continuation-in-part of Patent 
Application Serial No. PCT/US91/8613 , filed November 18, 
1991, which is a continuation-in-part of 07/789,646, filed 
November 14, 1991, which is a continuation-in-part of U.S. 
Patent Application Serial No. 07/615,210, filed Novenber 
19, 1990. 
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1. FiRld of r.hP Tn yentjnn 

The present invention relates to retroviral 
protease inhibitors and, more particularly, relates to novel 
conpounds and a conposition and method for inhibiting 
retroviral proteases. This invention, in particular, 
relates to urea-containing hydroxyeth/lamine protease 
inhibitor conpounds, a conposition and method for inhibiting 
retroviral proteases such as human immunodeficiency virus 
(HIV) protease and for treatment or prophylaxis a retrov.-.ral 
infection, e.g., an HIV infection. The subject invention 
also relates to processes for making such conpounds as well 
as to intermediates useful in such processes. 

During the replication cycle of retroviruses, gac 
and gag-pol gene products are translated as proteins. Thesi 
proteins are subsequently processed by a viral ly encoded 
protease (or proteinase) to yield viral enzymes and 
structural proteins cf the virus core. Most conmonly, the 
gag precursor proteins are processed into the core proteins 
and the pol precursor proteins are processed into the viral 
enzymes, e.g., reverse transcriptase and retroviral 
protease, It has been shown that correct processing of the 
precursor proteins by the retroviral protease is necessary 
for assembly of infectious vircns. For axcunplB, it has h'^e:: 
shovm that frameshift mutations in the protease region cf 
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the pol gene of HIV prevents processing of the gag precursor 
protein. It has also been shown through site-directed 
mutagenesis of an aspartic acid residue in the HIV protease 
that processing of the gag precursor protein is prevented. 
5 Thus, atteirpts have been made to inhibit viral replication 
by inhibiting the action of retroviral proteases. 

Retroviral protease inhibition typically involves 
a transition-state mimetic whereby the retroviral protease 

10 is exposed to a mimetic conpound which binds (typically in a 
reversible manner) to the enzyme in corrpetition with the gag 
and gag-pol proteins to thereby inhibit replication of 
structural proteins and, more inportantly, the retroviral 
protease itself. In this manner, retroviral replication 

15 proteases can be effectively inhibited. 



Several classes of mimetic compounds have been 
proposed, particularly for inhibition of proteases, such as 
for inhibition of HIV protease. Such mimetics include 

20 hydroxyethylamine isosteres and reduced amide iscsteres. 

See, for exairple, EP 0 346 847; EP 0 342,5^.1; Roberts et al, 
"Rational Design of Peptide-Based Proteinase Inhibitors, 
" Science . 248, 358 (1990); and Erickson et al, "Design 
Activity, and 2.8A Crystal Structure of a C: .'■^.'•mmetric 

25 Inhibitor Coirplexed to HIV-1 Protease," SciE :ce. 249, 527 
(1990). 
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Several classes of mimetic compounds are known to 
be useful as inhibitors of the proteolytic enz>Tne renin. 
See, for exanple. U.S. No. 4,599,198; U.K. 2,184,730; G.H. 
2,209,752; EP 0 264 795; G.B. 2,200,115 and U.S. SIR H725. 
Of these, G.B. 2,200,115, GB 2,209,752, EP 0 264,795, U.S. 
SIR H725 and U.S. 4,599,198 disclose urea-containing 
hydroxyethylamine renin inhibitors. However, it is known 
that, although renin and HIV proteases are both classified 
as aspartyl proteases, compounds which are effective renin 
inhibitors generally cannot be predicted to be effective HIV 
protease inhibitors. 
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gRIEF DESCRIPTION QF THE INVBTriON 

The present invention is directed to virus 
inhibiting corrpounds and coirpositions . More pc.rcicularly , 
the present invention is directed to retroviral protease 
inhibiting corrpounds and coirpositions, to a method of 
inhibiting retroviral proteases, to processes for preparing 
the coirpoxinds and to intermediates useful in such processes. 
The subject corrpounds are characterized as urea-containing 
hydroxyethylamine inhibitor compounds. 



25 
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DETAILED DESCRIPTION OF TOE INVENTION 



In accordance with the present invention, there is 
provided a retroviral protease inhibiting conpound of the 
5 fomrtula: 

R2 Y 

(Formula I) 



I I I I 
oh R3 r^ 



10 



or a pharmaceutically acceptable salt, prodrug or ester 
thereof wherein: 

A represents radicals represented by the formulas: 

R' S{CH2), 

II 
O 

(A1) 




RN(CR^'R^'), CHC — 

R" R1 

(A2) 



r34 y" \ .R^^ r 




H^o' R' 



(A3) 



15 wherein R represents hydrogen, alkoxycarbonyl , 

aralkoxycarbonyl , alkylcarbonyl , cycloalkylcarbony 1 , 
cycloalkylalkoxycarbony 1 , cycloalkylalkanoyl , alkanoy 1 , 
aralkanoyl, aroyl, aryloxycarbonyl , aryloxycarbonylalkyl, 
aryloxyalkanoyi , heteroc^^^clylcerbony 1 , 

20 heterocyclyloxycarbony 1 , heterocyclylalkanoyl , 

heterocyclylalkoxycarbonyl , heteroaralkoxycarbonyl , 
heteroaryloxycarbonyl, heteroaroyi heteroaralkanoyl , alkyi , 
aryl, aralkyl, aryloxyalkyl , heteroaryloxyalkyl , 
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hydroxyalkyl., aminocarbonyl , aminoalkanoyl, and mono- and 
disubstituted aminocarbonyl and mono- and disubstituted 
aminoalkanoyl radicals wherein the substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl , 
heteroaryl, heteroaralkyl, heterocycloalkyl , and 
heterocycloalkyalkyl radicals, or in the case of a 
disubstituted aminoalkanoyl radical, said sijbsticuents along 
with the nitrogen atom to which they are attached form a 
heterocyclyl or heteroaryl radical; 

R' represents hydrogen and radicals as defined for r3 or R 
and R' together with the nitrogen to which they are attached 
form a heterocycloalkyl or heteroaryl radical, or when A is 
Al, R' represents hydrogen, radicals as defined for R^ and 
arakloxycarbonylalkyl and aminocarbonylalkyl and 
aminocarbonyl radicals wherein said amino group may be mono- 
of disubstituted with subsituents selected form alkyl, aryl, 
aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, 
heteroaralkyl , heterocycloalkyl and heterocycloalkylalkyl 
radicals; 



t represents either 0 or 1; 



30 



r1 represents hydrogen, -CK2SO2NH2, -CO2CH3, -CO:"-:"'::^ , 
-CON{CH3)2, -CH2C(0)NHCH3, -CH2C f O) N (CH3 ) 2 , -C0Nn2 , 
-C(CH3)2(SCH3) , -C (CH3 ) 2 (S [0] CH3 ) , -C (CH3) 2 (S [0]CH3 ) , alkyl, 
haloalkyl, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from asparacine, S-methyl 
cysteine and the corresponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleucine, aJ.lo- 
isoleucine, tert-leucine, phenylalanine, ornithine, alanine, 
histidine, norleucine, glutamine, valine, threonine, serine, 
aspartic acid, beta-cyano alanine, and allothreonine side 
chains; 
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r1' and r1" independently represent hydrogen and rcidicals as 
defined for.Rl/ or one of r1 ' and r1\ together with r1 and 
the carbon atoms to which r1, r1' and r1" are attached, 
represent a . cycloalkyl radical ; 



15 



20 



r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals, which radicals are optionally substituted 
with a group selected from -NO2, -OR^, -sr9, and halogen 
radicals, wherein r9 represents hydrogen and alkyl radicals; 

r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl , 
alko>^alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heteroaryl, heterocycloalkylalkyl, aryl, araDcyl, 
heteroaralkyl, aminoalkyl and mono- and disubstituted 
aminoalkyl radicals, wherein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylal)r/l , 
heteroaryl, heteroaralkyl, heterocycloal):yl, and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 
with the nitrogen atom to which they are attached, .-lorm a 
heterocycloalkyl or a heteroaryl radical; 



X' represents O, C(r17) where rI'7" represents hydrogen and 
alkyl radicals, and N; 

25 

Y, y, and Y" independently represent 0,S and NR15 v;herein 
r15 represents hydrogen and radicals as defined for r3; 

R'^ and r5 independently represent hydrogen and radicals as 
30 defined by r3, or r4 and r5 together with the nitrogen ator- 
to which they are bonded represent heterocycloalkyl and 
heteroaryl radicals; 



35 



r6 represents hydrogen and alk\'l radicals; 

r20, r21, r30, r31 and r32 represent radicals as defined for 
r1, or one of r1 and r30 together with one of r31 and r32 
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and the carbon atoms tQ which they are attached form a 
cycloalkyl radical; and 

r33 and r34 independently represent hydrogen and radicals as 
5 defined for r3, or r33 and r34 together with X' represent 
cycloalkyl, aryl, heterocyclyl and heteroaryl radicals, 
provided that when X' is 0, r34 is absent. 



A preferred class of retroviral inhibitor 
10 compounds of the present invention are those represented by 
the formula: 



" H OH R3 R-* 



OH R3 



(Fonrrjla XI) 




15 or a pharmaceutically acceptable salt, prodrug or ester 
thereof, preferably wherein the stereochemistry about the 
hydroxy group is designated as (R) ; 



20 



30 



R represents hydrogen, alkoxycarbonyl , aralkoxycarbonyl, 
alkylcarbonyl, cycloalkylcarbonyl, cycloalkylalkoxycarbonyl 
cycloalkylalkanqyl, alkanoyl, aralkanoyl, aroyl, 
aryloxycarbonyl, aryloxycarbonylalkyl, aryloxyalk:.. :;vl, 
heterocyclylcarbonyl , heterocyclyloxycarbonyl , 
heterocyclylalkanoyl , heterocyclylalkoxycarbonyl , 
heteroaralkanoyl, heteroaralkoxycarbonyl ,. heteroaryloxy- 
carbonyl, heteroarqyl, alkyl, alkenyl, cycloalkyl, aryl, 
aralkyl, aryloxyalkyl , heteroaryloxyalkyl , hydroxyalkyl , 
aminccarbonyl , aminoalkanoyl. and mono- and disubstituted 
aniinocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents are selected from alk^/l, 
aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, 
heteroaralkyl, heterocycloalkyl, heterocycloalkyalkyl 
radicals, or where said aminoalkanoyl radical is 
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disubstituted, said substituents along with the nitrogen 
atom to which they are attached form a heterocycloalkyl or 
heteroaryl radical; 

R' represents hydrogen and radicals as defined for or R 
and R' together with the nitrogen to which they are attached 
represent heterocycloalkyl and heteroaryl radical; 





r1 represents hydrogen, -CH2SO2NH2, -CH2CO2CH3.. -CO2CH3, 
10 -C0NH2, -CHC(0)NHCH3, -C (CH3 ) 2 (SCH3 ) , -C (CH3 ) 2 (S [0] CH3 ) , 

-C(CH3)2 (S[0]2CH3) , alkyl, haloalkyl, alkenyl, alkynyl and 
cycloalkyl . radicals, . and amino acid side chains selected 
from asparagine, S-methyl cysteine and the sulfoxide (SO) 
and sulfone (SO2} derivatives thereof, isoleucine, 
15 allo-isoleucine, alanine, leucine, tert-leucine, 

phenylalanine, ornithine, histidine, norleucine, glutamine, 
threonine, glycine, alio- threonine, serine, aspartic acid, 
beta-cyano alanine and valine side chains; 

20 r1' and r1" independently represent hydrogen and radicals as 
defined for R^' or one of r1 ' and r1", together with r1 and 
the carbon atoms to which r1, r1 ' and R^" are actached, 
represent a cycloalkyl radical; 

25 r2 represents alkyl, aryi, cycloalkyl, cycloal c/lalkyl, and 
aralkyl radicals, which radicals are optionally substituted 
with a group selected from alkyl radicals, NO2, 0R° and Sr5 
v/herein R^ represents hydrogen and alkyl radicals, and 
halogen radicals; 

30 

r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl , 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl , heterocycloalkyl, 
heteroaryl, heterocycloalkylalkyl, aryl, aralkyJ., 
heteroaralkyl, aminoalkyl and mono- and disubstituted 
35 aminoalkyl radicals, wherein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heceroaryl, heteroaralkyl, heterocycloalkyl, and 
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heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substitu&nts along 
with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

5 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3, or together with a nitrogen atom to which " 
they are bonded represent heterocycloalkyl and he:eroaryl 
radicals; 

10 

t represents 0 or 1; 

Y and Y' independently represent 0, S, and NR15 wherein r15 
represents hydrogen and radicals as defined for r3 . 
15 Preferably, Y and Y' represent 0. . 

Preferably, r3 represents radicals as defined 
above which contain no a-branching, e.g., as in an isopropyl 
radical or a t-butyl radical. The preferred radicals are 
20 those which contain a -CH2- moiety between the nicrogen of 
the urea and the remaining portion of the radical. Such 
preferred groups include, but are not limited to, benzyl, 
isobutyl, n-butyl, isoairyl, cyclohexylmethyl and the like. 

25 Another preferred class of corrpounds ar^^- t:hose 

represented by the formula: 




or a pharmaceutically acceptable salt, prodrug or ester 
thereof wherein t, Y, Y' , R- , rI, r2, r3, p4, r20 and 
r21 are as defined above with respect to Formula I. 
Preferably, the stereochemistry about the hydro.xyl group is 
35 designated as R. 
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.Yet another preferred class of conpounds are those 
represented by the fonrula: 



15 



30 





5 R30 



or a pharmaceutically acceptable salt, prodrug or ester 
thereof., preferably wherein the stereochemistry about the 
10 hydroxy group is designated as R, wherein t,. X', Y, y, y, 
Rl, R2, r3, r4, r5, r30, r31, r32, r33 and r34 are as 
defined above with respect to Formula I. 

As utilized herein, the term "alkyl", alone or in 
combination, means a straight- chain or branched -chain alkyl 
radical containing from 1 to about 10, preferably from 1 to 
about 8, carbon atoms. Exanples of such radicals include 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, iso-amyl, hexyl, octyl and the 
20 like. The term "alkenyl", alone or in combination, means a 
straight-chain or branched- chain hydrocarbon . idial having 
one or more double bonds and containing from 2 to about 18 
carbon atoms preferably from 2 to about 8 carbon atoms. 
Exanples of suitable alkenyl radicals include ethenyl, 
2 propenyl, alkyl, 1, 4-butadienyl and the like. The term 

"alkynyl", alone or in combination, means a straight-chain 
hydrocarbon radical having one or more triple bonds and 
containing from 2 to about 10 carbon atoms. Examples of 
alkynyl radicals include ethynyl, propynyl, (propargyl) , 
butynyl and the like. The term "alkoxy", aloi.e or in 
combination, means an alk-yl ether radical wherein the term 
alkyl is as defined above. Examples of suitable alkyl ether 
radicals include netho>y, etho.y, n-propox^y, iscpropoxy, 
n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the like. 
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The term "cycloalkyl", alone or in combination, means an 
alkyl radical which contains from about 3 to about 8 carbon 
atoms and is cyclic. The .term "cycloalkylalkyl " means an 
alkyl radical as defined above which is substituted by a 
5 cycloalkyl radical containing from about 3 to about 8, 

preferably from about 3 to about 6, carbon atoms. Examples 
of such cycloalkyl radicals include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and the like. The term "aryl\ 
alone or in combination, means a phenyl or naphthyl radical 

10 which optionally carries one or more substituents selected 
from alkyl, alkoxy, halogen, hydroxy, amino, nitre and the 
like, such as phenyl, p-tolyl, 4-methoxyphenyl , 4-(tert- 
butoxy) phenyl, 4-f luorophenyl, 4-chlorophenyl, 4- 
hydroxyphenyl , . l-naphtlr/l , 2-naphthyl, and the like. The 

15 term "aralkyl", alone or in combination, means an alkyl 
radical as defined above in which one hydrogen atom is 
replaced by an aryl radical as defined above, such as 
benzyl, 2-phenylethyl and the like. The term "aralkoxy 
carbonyl", alone or in combination, means a radical of the 

20 formula -C (0) -0-aralkyl in which the term "aralkyl" has the 
significance given above. An exairple of an aralkoxy carbonyl 
radical is benzyloxycarbonyl . The term "aryloxy" means a 
radical of the formula aryl-0- in which the term ar\^l has 
the significance given above. The term "alkanc:''". alone or 

25 in combination, means an acyl radical derived frc an 

alkanecarboxylic acid, examples of which include acetyl, 
propionyl, butyryl, valeryl, 4-methylvaler^'l , and the like. 
The term "cycloalkylcarbony.l " means an acyl group derived 
from a monocyclic or bridged cycloalkanecarboxylic acid such 

30 as cyclopropanecarbonyl , cyclohexanecarbonyl, 

adamantanecarbonyl , and the like, or from a benz- fused 
monocyclic cycloalkanecarboxylic acid which is optionally 
substituted by, for exanple, alkanoylamino, such as 1,2,3,4- 
tetrahydro-2-naphthoyl , 2-acetamido-l , 2,3, 4- tetrahydro-2- 

35 naphthoyl. The term "aralkanoyl" means an acyl radical 

derived from an aryl-substituted alkanecarboxylic acid such 
as phenylacetyl, 3-phenylpropionyl (hydrocinnamoyl ) , 
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4-phenylbutyryI, ( 2 -naphthyl) acetyl, 4-chlorohydrocinnainoyl, 
4-aiTdnohr»Adrocirmainoyl,4-methoxyhydrocirmaiTToyl, and the like. 
The term "aroyl" means an acyl radical derived from an 
aromatic carboxylic acid. Examples of such radicals include 
5 aromatic carboxylic acids, an optionally substituted benzoic 
or naphthoic acid such as benzoyl, 4-chlorobenzoyl, 4- 
carboxybenzoyl, 4- (benzyloxycarbonyl) benzoyl, 1-naphthoyl, 
2-naphthqyl, 6-carboxy-2 naphthcyl, 6- (benzyloxycarbonyl) -2- 
naphthoyl, 3-benz>/loxy-2-naphthoyl, 3-hydroxy-2-naphthoyl , 
10 3-(benzyloxyformamido)-2-naphthoyl, and the like. The 
heterocyclyl or heterocycloalkyl portion of a 
heterocyclylcarbonyl , heterocyclyloxycarbonyl , 
heterocN^clylalkoxycarbonyl , or heterocyclyalkyl group or the 
like is a saturated or partially unsaturated monocyclic, 
15 bicyclic or tricyclic heterocycle which contains one or more 
hetero atoms selected from nitrogen, oxygen and sulphur, 
which is optionally substituted on one or mort? carbon atoms 
by halogen, alkyl, alkoxy, oxo, and the like, and/or on a 
secondary nitrogen atom (i.e., -NH-) by alkyl, 
20 aralkoxycarbonyl, alkanoyl, phenyl or phenylalkyl or on a 
tertiary nitrogen atom (i.e. = N-) by oxido and which is 
attached via a carbon atom. The heteroaryl portion of a 
heteroaroyl, heteroaryloxycarbonyl, or a heteroaralkoxy 
carbonyl group or the like is an aromat: • monocyclic, 
25 bicyclic, or tricyclic heterocycle which contains the hetero 
atoms and is optionally substituted as defined above with 
respect to the definition of heterocyclyl. Examples of such 
heterocyclyl and heteroaryl groups are pyrrolidinyl , 
piperidinyl, piperazinyl, morpholinyl, thiamorphoiinyl , 
30 pyrrolyl, imidazolyl (e.g., imidazol 4-yl, 1- 

berizyloxycarbonylimidazol-4-yl, etc.), pyrazolyl, pyridyl, 
pyrazinyl, pyrimidinyl, furyl, thienyl, triazolyl, oxazolyl, 
thiazolyl, indolyl (e.g., 2-indolyl, etc.), g^ainolinyl, 
(e.g. 2-quinolinyl, 3-quinolinyl, l-oxido-2-quinolinyl, 
35 etc.), isoquinoiinyl (e.g., 1-isoquinolinyl, 3- 

isoquinolinyl, etc.), tetrahydroquinolinyl (e.g., 1,2,3,4- 
tetrahydro-2-quinolyl , etc . ) , 
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1,2,1 , 4-tetrahydroisocuinoiinyl (e.g., 1,2,3, 4-terrarr/dro-l- 
oxo-iscq'ainoiinyi, etc.), c*jinoxaiirryl, £-carbclinyl , 2- 
benzof urancarbonyi , l-,2-/4- or S-benzinidazolyl , ar.c the 
like. The terr: "cycicaikylaikoxycarbcnyi" rr^eans an acyl 
5 group ■ derived frOT a cycloalj-rylalkorcycarboxv-lic acid of the" 
forrriula cycioaikyiaiiwl-O-CCOH v;herein cycioaikyialk-yl has 
the significance given above. The terrrt "aryloxyaikancv-1 " 
means an acyl radical of the forrxila aryl-0-alkanoyl v;herein 
ar/l and alkanoyl have the significance given above. The 
1j term "heterccryclylo>r/carbonyl'' reans an aci/1 croup derivec 
from heterocyclyl-O-COOH wherein heterocyclyl is as defined 
abov^e. The terrri "heterocyclylalkancyl " is an aryl radical 
derived from a heterocyclyl-substituted alkane car'oorylic 
acid v;herein heterocyclyl has the significance given cibove. 
15 The term "heterocyclylalkoxycarbonyl" means an acv'l radical 
derived from a heterocyclyl-substituted alkane-O-COOH 
wherein heterocyclyl has the significance given above. The 
term "heteroaryloxycarbonyl" means an acv-1 radical derived 
from a carboxylic acid represented by heteroaryl-O-COOH 
20 wherein heteroaryl h^s the significance given above. The 
terrri "aminocarbonyl" alone or in combination, Tceans an 
amino-substituted carbonyl (carbamoyl) group derived from an 
airdno- substituted carboxylic acid v.-herein the amino group 
can be a primary, secondary or tertiary ami.no grc. 
25 containing substituents selected fromi hydrogen, an . al>ryl, 
aryl, aralkyl, cycloalkyl, cycloalkylalkyi radicals and the 
like. The term **aminoalkanayl" means an acyl group derived 
from an aiuino-substituted alkanecarboxylic acid whe::eir. the 
aiTtino group can be a primary, secondare' or tertiary amcnc 
30 group containing substituents selected from hycnrogen, and 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalk-yl radicals 
and the like. The temi "halogen" means fluorine, chlorine, 
bromine or iodine. The term "haloalkyl" means an alkyl 
radical having the significance as defined above wherein one 
35 or more hydrogens are replaced with a halogen. Examples of 
such haloalk-yl radicals include chloromethyl, l-brcroethyl , 
f iucromethyl , dif luoromethyl , trif luoromethyl , 



wo 93/23368 



PCr/LS93/04806 



14 

1,1,1-trifluoroethyl and the like. The term "leaving group" 
generally refers to groups readily displaceable by a 
nucleophile, such as an ainine, a thiol or an alcohol 
nucleophile. Such leaving groups are well known and include 
5 carbojo^lates, N-hydroxysuccinimide, N-hydroxybenzotriazole, 
halides, triflates, tosylates -OR and -SR and the like. 
Preferred leaving groups are indicated herein where 
appropriate. 

10 Procedures for preparing the conpounds of Formula 

I are set forth below. It should be noted that the general 
procedure is shown as it relates to preparation of compounds 
having the specified stereochendstry, for exairple, wherein 
the stereochemistry about the hydroxyl group is designated 

15 as (R) . However, such procedures are generally applicable, 
as illustrated in Exan^jle 45, to those conpounds of opposite 
configuration, e.g., where the stereochemistry about the 
hydroxyl group is (S) . 

20 Prfinaratinn of Comp nund?? of Forraula II 

The conpounds of the present invention represented 
by Formula II above can be prepared utilizing the foliov;ing 
general procedure. An N-protected chlcr-^^etone derivative 
25 of an amino acid having the formula: 

R2 




wherein P represents an amino protecting group, and r2 is as 
30 defined above, is reduced to the corresponding alcohol 

utilizing an appropriate reducing agent. Suitable amino, 
protecting groups are well known in the art and include 
carbobenzoxy, butyryl, t-butoxycarbonyl, acetyl, benzoyl and 
the like. A preferred amino protecting group is 
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10 



carbobenzoxy. A preferred N-protected chloroketone is 
N-benzyloxycarbonyl-L-phenylalanine chloromethyl ketone. A 
preferred reducing agent is sodium borohydride. The 
reduction reaction is conducted at a teirperature of from 
-10°C to about 25°C, preferably at about 0°C, in a suitable 
solvent system such as, for exairple, tetrahydrofuran, and 
the like. The N-protected chloroketones are commercially 
available f rom Bachem, Inc., Torrance, California. 
Alternatively, the chlorokeuones can be prepared by the 
procedure set forth in S. J. Fittkau, J. Prakt. Chem. , 315, 
1037 (1973), and subsequently N-protected utilizing 
procedures which are well known in the art. 



The resulting alcohol is then reacted, preferably 
15 at room temperature, with a, suitable base in a suitable 
solvent system to produce an N-protected amino epoxide of 
the formula: 



R2 



20 



25 




wherein P and r2 are as defined above. Suitable s.^vent 
systems for preparing the amino epoxide include ethanol, 
methanol, isopropanol, tetrahydrofuran, dioxane, and the 
like including mixtures thereof. Suitable bases for 
producing the epoxide from the reduced chloroketone include 
potassium hydroxide, sodium hydroxide, potassium t-butoxide, 
DBU and the like. A preferred base is potassium hydroxide. 



Alternatively, a protected amino epoxide can be 
30 prepared starting with an L-amino acid which is reacted 
with a suitable amino-protecting group in a suitable 
solvent to produce an amino-protecced L-amino acid ester of 
the formula: 



wo 93/23368 



PCT/US93/04806 



16 



R2 




wherein P, and p2 independently represent hydrogen and 
amino-protecting groups as defined above with respect to P, 
5 provided that P^ and are not both hydrogen; and P.-^ is as 
defined above. 



The amino-protected L-amino acid ester is then 
reduced, to the corresponding alcohol. Tor exanple, the 
10 amino-protected L-arrdno acid ester can be reduced with 

diisobutylaluminum hydride at -78° C in a suitable solvent 
such as toluene. The resulting alcohol is then converted, 
by way of a Swem Oxidation, to the corresponding aldehyde 
of the formula: 



R2 

.H 




15 



wherein P^, P^ and are as defined above. I'hus, a 
dichloromethane solution of the alcohol is added to a 
20 cooled (-75 to -68° C) solution of oxalyl chloride in 

dichloromethane and DMSO in dichloromethane and stirred for 
35 minutes. 

. The aldehyde resulting from the Swem Oxidation 
25 is then reacted with a halomethyllithium reagent, which 

reagent is . generated in situ by reacting an alkyllithixm or 
arylithium compound with a dihalomethane represented by the 
formula XlCH2X2 wherein and X^ independently represent I, 
Br or CI. For exairple, a solution of the aldehyde and 
30 chloroiodomethane in TOF is cooled to -78° C and a solution 
of n-butyllithium. in hexane is added. The resulting 
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product is a mixture of diastereomers of the corresponding 
amino-protected epoxides of the formulas: 

R2 R2 




5 

The diastereomers can be separated by chromatography or, 
alternatively, once reacted in subsequent steps the 
diastereomeric products can be separated. 

10 The amino epoxide is then reacted, in a suitable 

solvent system, with an equal amount, or preferably an 
excess of, a desired amine of the formula: 

r3nH2 

15 

wherein r3 is hydrogen or is as defined above. The reciction 
can be conducted over a wide range of temperatures, e.g., 
from about 10°C to about 100°C, but is preferably, but not 
necessarily, conducted at a terrperature at which the solvent 

20 begins to reflux. Suitable solvent systems include those 
wherrdn the solvent '.s an alcohol, such as methanol, 
ethc' .:)1, isopropanc. . and the like, ethers such :■ ; 
tetrc:Tydrofuran, dioxane and the like, and toluene, 
N,N-dimethylformamide, dimethyl sulfoxide, and mixtures 

25 thereof. A preferred solvent is isopropanol. Exemplary 
amines corresponding to the formula r3nh2 include benzyl 
amine, isobutylamine, n-butyl amine, isopentyl amine, 
isoain/lamine, cyclohexanemethyl amine, naphthylene methyl 
amine and the like. The resulting product is a 3- (N- 

30 . protected amine) -3- (r2) -l- (NHR3 ) -propan-2-ol derivative 
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(hereinafter referred to as an amino alcohol) can 
represented by the formula: 



R2 




5 

wherein P, and are as described above. 

For producing corrpounds of Formula II wherein r5 
is hydrogen, the resulting amino alcohol described above is' 

10 then reacted, in a suitable solvent system, with an 

isocyanate of the formula R^NCO wherein r4 is as defined 
above. Where Y in Formula I above. is sulfur, the resulting 
amino alcohol is reacted with an isothiocyanate of the 
formula R^NCS under similar conditions. Suitable solvent 

15 systems include tetrahydrofuran, methylene chloride, and the 
like and mixtures thereof. The resulting product is a urea 
derivative of the amino alcohol or the corresponding sulfur 
analog thereof and can be represented by the formula: 



R2 Y 




wherein P, Y, R^, r3 and r4 are as defined above. 
isocyanates of the formula R^NCO can be prepared bv-' the 
reaction of an amine (r3nH2) with phosgene, triphosgene, 

25 carbodiimidazole, or carbonate ({R0)2C0) under conditions 
well-known in the art. Tne isothiocyanates of the formula 
R4NCS can be prepared by similar procedures, e.g., reaction 
of the amine with thiophosgene, which are also well kno-An in 
the art. In addition, the isocyanates and isothiocyanates 

30 are commercially available from Aldrich Chemical Zompany. 
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For preparing conpounds of Formula II wherein r5 
is other than hydrogen, the resulting anu.no alcohol 
described above is then reacted, in a suitable solvent 
system, with a conpound represented by the formula: 



O 
II 

-C — N 



10 



wherein r4 and r5 are as described above and L represents a 
leaving group such as a halide, e.g., chloride, imidazole 
radical, the radical p-N02-(C6H4)-o-, and the like. A 
preferred compound represented by this formula is a 
carbamoyl chloride. The corresponding sulfur analogs can be 
utilized where Y of Formula II is S. 



15 



The urea derivative of the amino alcohol and the 
corresponding sulfur analog can be represented by the 
formula: 



R2 



20 



30 




OH 



R3 



Following preparation of the urea derivative, or 
corresponding analogs wherein Y is S, the amino protecting 
group P is removed under conditions which will not affect 
the remaining portion of the molecule. These methods are 
well known in the art and include acid hydrolysis, 
hydrogenolysis and the like. A preferred method involves 
removal of the protecting group, e.g., removal of a 
carbobenzoxy group, by hydrogenolysis utilizing palladium on 
carbon in a .suitable solvent systam such as an alcohol, 
acetic acid, and the like or mixtures thereof. Where the 
protecting group is a t-butoxycarbonyl group, it can" be 
removed utilizing an inorganic or organic acid, e.g., KCl or 
trif luoroacetic acid, in a suitable solvent system, e.g., 
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dioxane or methylene chloride. Tne resulting product is the 
amine salt derivative. Following neutralisation of the 
salt, the amine is then reacted with an amino acid or 
corresponding derivative thereof represented by the formula 
(PN[CRl' Rl"]t CH(Rl)COOH) wherein t, r1. r1' and r1" are as 
defined above, to produce the antiviral compounds of the 
present invention having the formula: 



10 



15 



20 




25 



PNH{CR^*Ri"), 



wherein t, P, Rl, r1 ' , r1", r2, r3, r4, r5 and Y are as 
defined above. Preferred protecting groups in tliis 
instance are a benzyloxycarbonyl group or a t-butoxycarbonyl 
group. Where the amine is reacted with a derivative of an 
amino acid, e.g., when t=l and r1 ' and Rl" are both H, so 
that the amino acid is a £-amino acid, such £-amino acids 
can be prepared according to the procedure set forth in a 
copending application, U. S. Serial No. 07/345,808. V/here t 
is 1, one of Rl ' and Rl" is H and Rl is hydrogen so that the 
amino acid is a homo-£- amino acid, such homo-S- amino acids 
can be prepared by the procedure set forth in a ".-ipending 
application, U.S. Serial No. 07/853,561. Where t is 0 and 
r1 is alkyl, cycloalkyl, -CH2SO2NH2 or an amino acid side 
chain, such materials are well known and many are 
commercially available from Sigira-Aldrich. 



30 



The N-pro tec ting group can be subsequently 
removed, if desired, utilizing the procedures described 
above, and then reacted with a carboxylate represented by 
the fonnula: 

O 

II 

R C L 



wherein R is as defined above and L is an appropriate 
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leaving group such as a halide. Preferably, where is a 
side chain of a naturally occurring a- amino acid, R is a 
2-quinoline carbonyl group derived from N- 
hydroxysucciniinide-2-quinoline carboxylate, i.e., L is 
5 hydroxy succinimide . A solution of the free amine (or 
amine acetate salt) and about 1.0 equivalent of the 
carboxylate are mixed in an appropriate solvent si''Stem and 
optionally treated with up to five equivalents of a base 
such as, for example, N-methylmorpholine, at about room 
10 teirperature. Appropriate solvent systems include 
tetrahydrofuran, methylene chloride or N,N- 
dimethylfonramide, and the like, including mixtures 
thereof. 

^ Preparation of Comnounds of Formula ITT 

A mercaptan of the formula RSH is reacted with a 
substituted methacrylate of the forrtiula: 



20 




by way of a Michael Addition. Tne Michael Addi'^icn is 
conducted in a suitable solvent and in the presence of a 
suitable base, to produce the corresponding thiol derivative 
25 represented by the formula: 




wherein R' and Rl represent radicals defined above; R^O and 
30 r21 represent hydrogen and radicals as defined for R^; and 
r22 represents radicals as defined by r3 . Suitable solvents 
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in which the Michael- Addition can be conducted include 
alcohols such as, for exarrple, methanol, ethanol, butanol 
and the like, as well as ethers, e.g., THF, and 
acetonitrile, DMF, DMSO, and the like, including mixtures 
5 thereof. Suitable bases include Group I metal alkoxides 
such as, for exairple sodium methoxide, sodium ethoxide, 
sodium butoxide and the like as well as Group I metal 
hydrides, such as sodi\:m hydride, including mixtures 
thereof. 

10 

The thiol derivative is converted into the 
corresponding sulfone of the formula: 

0 R1 




15 

by oxidizing the thiol derivative with a suitable o^cidation 
agent in a suitable solvent. Suitable oxidation agents 
include, for exairple, hydrogen peroxide, sodium meta - 
perborate, oxone (potassium peroxy monosulf ate) , met a - 
20 chloroperoxybenzoic acid, and the like, including mixtures 
thereof. Suitable solvents include acetic ac:^' (for sodiurr: 
met a -perborate ) and, for other peracids, ether- such as THF 
and dioxane, and acetonitrile, DMF and the like, including 
mixtures thereof . 

25 



^ p 
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The sulfone is then converted to the correspondinc 
free acid of the formula: 



R-- 




,0H 



R20 R21 



10 



Utilizing a suitable base, e.g., lithium hydroxide, sodia-n 
hydroxide, and the like, including mixtures thereof, in a 
suitable solvent, such as, for example, THF, acetonitrile, 
DMF, DMSO, methylene chloride and the like, including 
mixtures thereof. 



The free acid is then coupled, utilizing, as 
described above, procedures well known in the art, to the 
urea derivative, or analog thereof, of an amino alcohol 
which is described above for the preparation of coirpounds of 
Fonnula II. The resulting product is a compound represented 
by Formula III. 



Alternatively, one can couple the urea isostere to 
20 the commercially available acid, 



25 



CH. 





OH 



CH^ 



remove the thioacetyl group with a suitable base, such as 
hydroxide, or an amine., such as annionie, and then react th? 
resulting thiol with an alkylating agent, such as an alk^.-l 
halide, tosylate or mesylate to afford corpounds at the 
following structure: 
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CH3 OH 



The sulfur can then be oxidized to the 
corresponding sulfone using suitable oxidizing agents, -i 
5 described above, to afford the desired coirpour.ds of the 
following structure: 



10 Alternatively, to prepare coirpounds of Formula III, 
substituted methacrylate of the formula: 



15 wherein L represents a leaving group as prev:. ..-.siy aei-inea, 
r35 and r36 represent hydrogen and radicals defined for 
Rl; and r37 represents alkyl, aralkyl, cycloalkyl and 
cycloalkylalkyl radicals, is reacted with a suitable 
sulfonating agent, such as, for exa.Tple, a sulfinic acid 

2D represented by the formula RSO2K, wherein R represents 

radicals as defined above and M represents a metal aaapted 
to form a salt of the acid, e.g., sodium, to produce the 
corresponding sulfone represented by the formula: 
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wherein R', r35, r36 and r37 are as defined above. The 
sulfone is then hydrolyzed in the presence of a suitable 
base, such as lithium hydroxide, sodium hydroxide and the 
5 like, to the compound represented by the formula: 




COjH 



wherein R' , r35 and r36 represent radicals as defined above. 
10 The resulting coirpound is then asyinrr»etrically hydrogenated 
utilizing an asymmetric hydrogenation catalyst such as, for 
example, a ruthenium-BINAP corrplex, to produce the reduced 
product, substantially enriched in the more active isomer, 
represented by the fonnula: 

15 



0 




wherein R', r35 and r36 represent radicals as defir.ed 
above. Where the more active isomier has the R- 

20 stereochemistry, a Ru(R-BINAP) asymmetric hydrogenation 

catalyst can be utilized. Conversely, where the more active 
isomer has the S-sterochemistry, a Ru{S-BINAP) catalyst can 
be utilized. Whiere both isomers are active, or where it is 
desired to have a mixture of the two diastereomers, a 

25 hydrogenation cataly.'st such as platinum, or palladium, on 
carbon can be utilized to reduce the above compound. The 
reduced coirpound is then coupled to the urea isostere, as 
described above, to produce compounds of Formula III. 
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Prgparatiion of CcTO pTind.q of Fonnula IV 

To produce cornpounds of Formula IV, starting 
with a lactate of the formula: 

OH 

P'^O, 




5 



CH3 
O 

wherein P" represents alkyl radicals, such as, for exanple, 
ethyl, methyl, benzyl and the like. The hydroxyl group of 

10 the lactate is protected as its ketal by reaction in a 

suitable solvent system with methyl isopropenyl ether (1,2- 
methoxypropene) in the presence of a suitable acid. 
Suitable solvent systems include methylene chloride, 
tetrahydrofuran and the like as well as mixtures thereof. 

15 Suitable acids include POCI3 and the like. It should be 
noted that well-known groups other than methyl isopropenyl 
ether can be utilized to form the ketal. The ketal is then 
reduced with diisobutylaluminum hydride (DIEAL) at -7 8°C to 
produce the corresponding aldehyde which is then treated 

20 with ethylidene triphenylphosphorane (Wittig reaction) to 
produce a compound represented by the formula; 



OCH. 




25 The ketal protecting group is then removed 

utilizing procedures well-known in the art such as by mild 
acid hydrolysis. The resulting compound is then esterified 
with isobutyryl chloride to produce a compound of the 
formula: 

30 



wo 93/23368 



27 



PCT/US93/04806 



O 




This coirpound is then treated with lithium 
diisopropyl amide at -78°C followed by warming of the 
5 reaction mixture to room tenperature to effect a Claisen 
rearrangement ([3,3] sigmatropic rearrangement) to produce 
the corresponding acid represented by the formula: 




10 

Treatment of the acid with benzyl bromide in the 
presence of a tertiary amine base, e.g., DBU, produces the 
corresponding ester which is then cleaved oxidatively to 
give a trisubstituted succinic acid: 




The trisubstituted succinic acid is then coupled 
to the urea isostere as described above. To produce the 
20 free acid, the benzyl ester is removed by hydrogenolysis to 
produce the corresponding acid. The acid can then be 
converted to the primary amide by methods weli-kno*/;n in the 
art. 



25 An alternative method for preparing trisubstifated 

succinic acids involves reacting an ester of acetoacetic 
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acid represented by the formula: 

o o 

"5 where R is a suitable protecting group, such as mothyl, 
ethyl, benzyl or t-butyl with sodium hydride and a 
hydrocarbyl halide (R^lx or r32x) in a suitable solvent, 
e.g., THF, to produce the corresponding disubstituted 
derivative represented by the formula: 

10 




O O 



This disubstituted acetoacetic acid derivative is then 
treated with lithium diisopropyl amide at about -10°C and in 
15 the presence of PhN(trif late) 2 to produce a vinyl triflate 
of the formula: 




20 The vinyl triflate is then carbonylated utilizing 

a palladium catalyst, e.g., ?d2 (OAc) 2 { Ph3) in the presence 
of an alcohol (R^OH) or water (R"=H) and a base, e.g., 
triethylamine, in a suitable solvent such as DMF, to produce 
the olefinic ester or acid of the formula: 

25 
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The olefin can then be subsequently asymmetrically 
hydrogenated, as described above, to produce a 
trisubstituted succinic acid derivative of the formula: 




5 



O CH3 



If R" is not H, R" can be removed by either hydrolysis, 
acidolysis, or hydrogenolysis, to afford the corresponding 
acid, which is then coupled to the urea isostere as 
10 described above and then, optionally, the R group removed to 
produce the corresponding acid, and optionally, converted to 
the amide. 

Alternatively, one can react the urea isostere 
15 with either a suitably monoprotected succinic acid or 
glutaric acid of the following structure; 



20 followed by reroval of the protecting group and conversion 
of the resulting acid to an airdde. One can also react an 
anhydride of the following structure; 




O 




25 



with the urea isostere and then separate any isomers or 
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convert the resulting acid to an amide and then separate any 
isomers. 



10 



15 



20 



It is conteirplated that for preparing compounds of 
the Formulas having r6, the corrpounds can be prepared 
following the procedure set forth above and, prior to 
coupling the urea derivative or analog thereof, e.g. 
coupling to the amino acid PNH(CH2) tCH{Rl)CCOK, carried ■ - 
through a procedure referred to in the art as reductive 
amination. Thus, a sodium cyanoborohydride and an 
appropriate aldehyde r6c(0)H or ketone r6c(0)r6 can be 
reacted with the urea derivative conpound or appropriate 
analog at room tenperature ■ in order to reductively aminate 
any of the compounds of Formulas I-IV. It is also 
contenplated that where r3 of the amino alcohol intermediate 
is hydrogen, the inhibitor conpounds of the present 
invention wherein r3 is alkyl, or other substituent wherein 
the a-C contains at least one hydrogen, can be prepared 
through reductive amination of the final product of the 
reaction between the amino alcohol and the. amine or at any 
other stage of the synthesis for preparing the inhibitor 
conpounds . 



K 



Contenplated equivalents of the general formulas 
25 set forth above for the antiviral conpounds ar derivatives 
as well as the intermediates are conpounds otherwise 
corresponding thereto and having the same general properties 
such as tautomers thereof and conpounds wherein one or nore 
of the various R groups are sinple variations of the 
20 substituents as defined therein, e.g., wherein R is a higher 
alkyl group than that indicated. In addition, v;here a 
substituent is designated as, or can be, a hydrogen, the 
exact chemical nature of a substituent which is other than 
hydrogen at that position, e.g., a hydrocarbyl radical or a 
35 halogen, hydroxy, amino and the like functional group, is 
not critical so long as it does not adversely affect the 
overall activity and/or synthesis procedure. 
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The chemical reactions described above are 
generally disclosed in terms of their broadest application 
to the preparation of the corrpounds- of ■ this invention. 
Occasionally, the reactions may not be applicable as 
described to each compound included within the disclosed 
scope. The compounds for which this occurs will be readily 
recognized by those skilled in the art. In all such cases' 
either the reactions can be successfully performed by- 
conventional modifications known to those skilled in the 
art, e.g., by appropriate protection of interfering groups, 
by changing to alternative conventional reagents, by routine 
modification of reaction conditions, and the like, or o'^her 
reactions disclosed herein or otherwise conventional, will 
be applicable to the preparation of the corresponding 
corT5)Ounds of this invention, in all preparative methods, 
all starting materials are known or readily preparable fror, 
known starting materials. 



20 



30 



Without further elaboration, it is believed tha^ 
one skilled in the art can, using the preceding description 
utilize the present invention to its fullest extent. The 
following preferred specific embodiments are, therc-r'-re, :o 
be construed as merely illustrative, and not limitaf ■■•1'.,^ 
the remainder of the disclosure in any way whatsoever. 

All reagents were used as received without 
purification. All proton and carbon NMR spectra were 
obtained on either a Varian VXP.-3C0 or VXR-400 nuclear 
magnetic resonance spectrometer. 
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Example 1 

Preparat,ion of f IS- riR* (R* ) . 2.^* 11 - n 1 r3- f r f f 1 . 1- 
dimethvlethvl) amino Icarbonvll f ^- methvlpronvl ) aminol -l- 
5 hydroxy- 1 - f phenvlmg^thvl ) nrnnv l 1 -2 - r f 2 - 
Quinolinylcarbonyl ) amino 1 -biitan gdiamidfi 

Part A: 

To a solution of 75. Og (0,226 mol) of N- 

10 benzyloxycarbonyl-L-phenylalanine chloromethyl ketone in a 
mixture of 807 mL of methanol and 807 mL of tei:rahydrof uran 
at -2°C, was added 13.17g (0.348 mol, 1.54 eguiv. ) of solid 
sodium boroh/d^ide over one hundred minutes. The solvents 
were removed under reduced pressure at 40*^0 and the residue 

15 dissolved in ethyl acetate (approx. IL) . The solution was 
washed sequentially with IM potassium hydrogen sulfate, 
saturated sodium bicarbonate and then saturated sodium 
chloride solutions. After drying over anhydrous magnesiuiri 
sulfate and filtering, the solution was removed londe:: 

20 reduced pressure. To the resulting oil was added hexane 
(approx. ID and the mixture warmed to 60°C with swirling. 
After cooling to room terrperature, the solids were 
collected and washed with 2L of hexane. The resulting 
solid was recrystallized from hot ethyl acetac-: T-.nd hexane 

25 to afford 32. 3g (43% yield) of N-benzyloxycarbc:' ,-i-3 (S) - 
amino- l-chloro-4 -phenyl -2 (S) -but anol, mp 150-151°C and 
M+Li+ = 340. 
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Part S: 

To a solution of 6.52g {0.116 mol, 1.2 equiv.) of 
potassium hydroxide in 968 mL of absolute ethanol at room 
terrperature, was added 32. 3g (0.097 mol) of N-CB2-3(S)- 
5 ainino-l-chloro-4-phenyl-2 (S) -butanol. After stirring for 
fifteen minutes, the solvent was removed under reduced 
pressure and the solids dissolved in methylene chloride. 
After washing with water, drying over magnesium sulfate, 
filtering and stripping, one obtains 27. 9g of a white solid. 
10 Recrystallization from hot ethyl acetate and hexane afforded 
22. 3g (77% yield) of N-benzyloxycarbonyl-B (S) -amino-1 , 2 (S ) - 
epoxy-4-phenylbutane, mp 102-103°C and MH+ 298. 

15 A solution of N-benzyloxycarbonyi 3 (S) -amino-1, 2- 

(S)-epoxy-4-phenylbutane (l.OOg, 3.36 mmol) and 
isobutylamine (4.90g, 67.2 nmol, 20 equiv.) in 10 mL of 
isopropyl alcohol was heated to reflux for 1.5 hours. The 
solution was cooled to room tenperature, concentrated in 

20 vacuo and then poured into 100 mL of stirring hexane 
whereupon the product crystallised from solution. The 
product was isolated by filtration and air dried to give 
1.18g, 95% of N=[ [3 (S)-phenylmethylcarbamoyl)amino-2 (R) - 
hydroxy-4-phenylbutyl]N- [ (2--methylpropyl) ] amine : 108. 0- 

25 109.5^*0, MH+ m/2 = 371. 

EarLJ3: 

A solution of [2;r), 3(S)]-N-[[3- 
(phenylmethylcarbamcyl) amino] -2-hydroxy-4-phenylbutyl]N- [ (2- 

30 methy Ipropyl) ] amine in 10 ml of tetrahydrofuran was treated 
with i:£rt"butylisocyanate (267 mg, 2.70 mrDol) at room 
temperature for 5 minutes . The solvent was removed in vacuo 
and replaced with ethyl acetate. The ethyl acetate solution 
was washed with 5% citric acid, water, and brine, dried over 

35 anliydrous MgS04, filtered and concentrated in vacuo to give 
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1.19g, 97% of [2(R), 3 (S) ] -N- [ [3- {phenylmethylcarbamoyD - 
amino] - 2 -hydroxy-4 -phenyl] -1- [ (2-inethylpropyl) ] amino-2- (1, l- 
diT^ethyl)axnino)carbonyl]butane, MH+ m/z - 47 0. 

5 ParL-E: 

A solution of (l.OOg, 2.21 mmol) [2 (R) , 3{S)]-N- 
[ [3- (phenylmethylcarbamoyl) amino] -2-nydroxy-4-phenyl] -1- [ (2- 
methylpropyl) ]amino-l- d^l- 
dimethyletb/Damino] carbonyl]butane in 20 mL of methanol was 
10 hydrogenated over 10% palladium-on-carbon for 4 hours to 
give [2(R), 3 (S) ] -N- [ [3-amino] -2-hydrow-4-phenyl] -1- [ (2- 
methylpropyl)amino-l- (1,1- 

dimethylethyl) amino Jcarbonyl] butane 720 mg, 97%. 
15 Part F: 

A solution of li-Cbz-L-asparagine (6C2mg; 2.26 
mmol) and H-hydroxybenzotriazole (493 mg, 3,22 mmol) in 2mL 
of dimetb/lformamide was cooled to O^^C and treated with EDC 
(473 mg, 2.47 mmol) . Ttie solution was allowed to stir at 

20 0°C for 20 minutes and then treated with [2(R), 3(S)]-N- 

[ [3-amino]-2-hydroxy-4-phenyl]-l-[ (2-methylpropyl) ]amino-l- 
(1,1-dimethylethyl) amino] carbonyl] butane (720 mg, 2.15 
mmol) in ImL of dimethylf ormamide . The solution was 
allowed to warm to room terrperature and held :. -his 

25 terrperature for 7 hours. The reaction mixture was then 
poured into 100 mL of 60% saturated aqueous sodium 
bicarbonate whereupon a white precipitate formed that was 
isolated by filtration. The filter cake was washed with 
water, 5% aqueous citric acid, water and then dried in 

30 vacuo to give 1.04g, 83% of [1S-[1RMR*), 2S*]]- N-iiJ- 
[ [[ (l,l-dimet]T/lethyl)amino]-carbonyl] (2- 
methylpropyl) amino] -2-hydroxy-l- (phenylmethyl ) propyl] -2- 
[ (phenylmethylcarbamoyl) amino] -butanediamide, mp. 164 . 0- 
166. 5°C, MH+ m/2 = 584. 
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Pare r.. 

A solution of [is-riRMR*] , 2S')]- n1[3-[[[(1 i- 
dimethylethyDaminoJcarbonyl] (2-methylpropyl)ainino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (phenylniethvlcarbamovl) - 
amino] -butanediamide (l.OOg, 1.72 imol, 10 mL of methanol 
was hydrogenated over 10% palladium-on-carbon for 4 hours to 
give [1S-[1RMR*), 2S*]]-Nl[3-„ni,l-diinethylethyi)ainxnol- 
carbonyl] (2-inethylpropyl ) amino] -2-hydroxy-l- 

(phenylmethyl)propyl]-2-amno]-butanediamide, 784mg, 99%. 
Part H: 

A mixture of [1S-[1RMR*), 2S'] ] - n1 [3- [ [ ( i- 
dimethylethyl) amino] carbonyl] (2-methylpropyl ) amino] -2- 
hydroxy-1- (Phenylmethyl)propyl] -2-amino] -butanediamide, (784 
mg, 1.70 rnnol), 2-quinoline carboxylic acid U- 
hydroxysuccinimxde ester (459 mg, 1.70 rmoi) , 
methylmorpholine (343 n^, 3.40 nrol) in 5 mL of 
dichloromethane was stirred at room terrperature for 15 
nunutes. The solvent was removed vacuo and replaced with 
ethyl acetate and the solution washed with 5% aqueous cxtric 
acid, saturated aqueous sodium bicarbonate, brine, dried 
over anhydrous MgS04, filtered and concentrated in vacuo 
The crude product was recrystallized from . -ono/hexane -o 
give 790 mg, 77% of [1S-[1RMR*), 2S*]]- n1;.-[([(i i- 
dimethylethyl)amino]carbonyl] (2-methylpropyl) amino] -2- 
hydro>y-l- (phenylmethyl ) propyl] -2- [ (2- 

cjuinolinylcarbonyl) amino] -butanediamide, np 107 Q-ioo 
MH+ = 605. • .c 

rhB procedure described in Example 1, part C-H 
was used to prepare [IS- [IR* (R*) , 2S*]]- n1[3-[[[(1 i- 
dimethylethyl ) amino] carbonyl ] { 3 -methylbutyl ) amino] -2 - 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2-guinolinylcarbonvi ) - 
amino] -butanediamide. 
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a) From the reaction of 1.06g (3 . 56iTr,Tol) of N- 
benzyloxycarbonyl 3 (S)-amno-l,2- (S) -epo^-4-phenvlbutane 
and 6.25g (71.7rmiol) of isoaniylainine, one obtains 1.27g 
(92%) of.f2(R), 3(S)]-N-[[3-(phenylmethylcarbainoyl)aminol-2- 
hydroxy-4-phenylbutyljN-[(3-inethylbutyl)]ainine, iro 130-t32°C 
and MK* 385. This amine (400mg, 1.04imol) was then reac^-d 
with tfiEt-butylisocyanate (llOmg, l.lUmol) to afford SCOma 
(100%) Of [2{R), 3(S)]-N-[(3-(phenylmethylcarbamovl)aitdno]- 
2-hydroxy-4-phenyl] -1- [ {3-methylbutyl) ]amino-l- (1 !•• 
dimethylethy)amino]carbonyl]butane; as an oil, mh^ 484. 

b) The CBZ protected compound (530mg, l.iOnmol) v;as 
then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-C3Z-L- 
asparagine (377mg, 1.42nTOol) in the presence of N- 
hydroxybenzotriazole (290ng, 2.15imDl) and EDC (300mg 
1.56nmDl) to yield 430mg (53%) of [is-[lRMR*), 2S*]]- m1[3- 
[ [ [ ( 1 , 1-dimethylethyl ) amino] carbonyl ] (3-methylbutyl ) amino] - 
2-hydroxy-l- (phenylmethyl)propyl] -2- 

[(Phenylmethylcarbamoyl) amino] -butanediamide, mo 148-i5i=c 
(dec) andMH- 598. 11.is conpoui^d (370mg. 0.619n™i, was 
then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled w^k 
guinolinecarboxylic acid N-hydroxy-succinimide ..3ter (I93ng 
0.714itTOol), in the presence of N-methylmorpholine, to afford 
310mg (70%) of pure . [IS- f IRMR') , 2S*]]- n1[3-[[({1 i- 
diii.ethylethyl)amino]carbonyl] {3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl ) propyl ] -2- [ (2- 

quiPolinylcarbonyl) amino] -butanediamide; mp 93 5-°^; =;o^ 
MH+ 619. ■ 
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The procedure described in Example 1, part C-K, 
was used to prepare [IS- [IR* (R*) , 2S*]]- n1 [3- [ [ [ (1, 1- 
, 5 dimethyl ethyl ) amino] carbonyl] 2 -napthylmethyl ) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ {2- 
guinolinylcarbonyl) amio] -butanediamide. 
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a) From the reaction of l.SOg (6.05mrTol) of N- 
benzyloxycarbonyl 3 (S) -amino-1 . 2- (S) -epoxy-4-phenylbutane 
and 1.15g (7.31mmol) of 2- (aminomethyl) naphthalene, one 
obtains 2.11g (77%) of [2 (R) , 3(S)]-N-[[3- 

(phenylmethylcarbamoyl) amino] -2-hydroxy-4-phenylbutyl] N- [ (2- 
napthylmethyl)] amine, MH+ 455. This amine (366. 8mg. 
0.807mmol) was then reacted with i^rt-butylisocyanate 
(66. 4mg, 0.67mmol) to afford 350 . Omg (94%) of [2(R), 3{S)]- 
N- [ [3- (phenylmethylcarbamoyl) amino] -2-hydroxy-4-phenyl] -1- 
[ (2 -napthylmethyl) ]amino-l- (1, 1- 

dimethylethyl) amino] carbonyl] butane; as an oil, MH-^ 554. 

b) The CBZ protected corrpound (33 Omg, 0.596mmol) v;asb 
then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (165. Img, 0.62mmol) in the presence H- 
hydroxybenzotriazole {142.3mg, 0.93imiol) and EDC (130. 7mg, 
0.68Trn\ol) to yield 161. 7mg (41%) of [IS- [IR* (R* ) , 2S*]]- 
n1[3-[ [ [ (l.l-dimethylethyl)amino] carbonyl] (2- 

nap thy Imethyl) amino] -2 -hydroxy-1- (phenylmethyl) propyl ] - 2- 
[ (phenylmetliylcarbamoyl) amino] -butanediamide; np 151-152°C 
(dec) and MH+ 668. This conpound (91. Omg, 0.136mmol) was 
then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with 2- 
quinolinecarboxylic acid N-hydroxysuccinimide ester (36.8mg, 
0.136mmol), in the presence of N-methylmorpholine, to afford 
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65.8ing (70%) of pure [1S-[1RMR*), 2S*] ] - n1 [3- [ [ [ (1, 1- 
dimethylethyl ) amino] carbonyl] (2-napthylmethyl ) amino] - 2- 
hydroxy-1- (phenyl methyl) propyl] -2- [ (2- 

quinolinylcarbonyl) amino] -butanediamide; mp 119-120^C and 
5 MH+ 689. 



Example 4 

The procedure described in Exanple 1, part C-H, 
10 was used to prepare [IS- [IR* (R*) , 2S*]]- n1[3-[[[(1,1- 
dimethylethyl) amino] carbonyl] (2-phenylethyl ) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] -butanediamide . 

15 a) From the reaction of l.OO.g (3.36mmol) of N- 

benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxy-4-phenylbutane 
and 8.19g (67.0mmol} of 2-phenethyl amine, one obtains l.lOg 
(79%) of [2(R), 3 (S) ]-N- [ [3-(phenylmethylcarbamoyi)amino]-2- 
hydroxy-4-phenylbutyl]N- [ (2-phenylethyl) ] amine, rrp 137-138°C 

20 and MH+ 419. This amine (750mg, 1.79mmol}was then reacted 
with li^rt-butylisocyanate (178mg, 1.79mnrol) to afford 897mg 
•(97%) of [2(R), 3(S)]-N-[[3-(phenylmethylcarbamoyl)amino]- 
2 -hydroxy- 4 -phenyl] -1- [ (2-phenylethyl} ] amino-1- (1,1- 
dimethylethyl) amino] carbonyl] butane; as an oi,' MH-^ 518. 

25 

b) The CBZ protected corrpound (897mg, 1.73mmol) was 
then deprotected by hydrogenation over 10% palladiam-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (620.7mg, 2.33mmol) in the presence of H- 

30 hydroxybenzotriazole (509. 5mg, 3.33miTiol) and EDC (488. Omg, 
2.55mmol) to yield l.OOg (92%) of [IS- [IR* (R* ) , 2S*]]- 
Nl[3[[[(l,l-dimethylethyl)amino]carbonyl] (2- 
phenylethyl) amino] -2-hydroxy-l- (phenylmethyl)propyl] -2- 
[ (phenylmethylcarbamoyl) amino] -butanediamide; mp 145°C (dec) 

35 and MH-*- 632. This compound (860mg, 1.36miTol) was then 

deprctectfid by hydrogenation over 10% palladiu:r-on-carbon 
and the resulting free amine coupled with 
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2-quinoiinecarboxylic acid N-hydrox/succinimide ester (338mg, 
1.25mrnoi), in the presence of N-methylmorpholine, to afiora 
450. 4mg (55%) of pure (IS- [IR* (R*) , 2S* ] ] - n1 [3 [ [ [ (1 , 1- 
dimethylethyl) aiTdno)carbonyl] (2-phenylethyl) amino) -2- 
5 hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 

quinolinylcarbonyl ) amino] -butanediamide; mp 139-140°C and 

MH+ 653. 

The procedure described in Example 1, part C-H, 
was used to prepare [IS- [IR* (R*) , 2S*]]- n1[3-[[[(1,1- 
dimethyiethy 1 ) amino ] carbony 1 ] ( 2 , 2 -dimethy Ipropy 1 ) amino ] - 2 - 
hydroxy- 1- (phenylmethyl) propyl] -2 - [ (2- 
15 quinolinylcarbonyl ) amino] -butanediamide . 

a) From the reaction of l.OOg {3.36mnnol) of N- 
benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxi/-4-phenylbutane 
and 7.9mL (approx. 67mmol) of neopentyl amine, one obtains 
20 0.69g (49%) of ■[2{R), 3{S)]-N-[[3- 

( pheny Ime thy Icarbamoy 1 ) amino ] - 2 -hydroxy - 4 - pheny Ibuty 1 ] N- 
■ [ (2.2-dimethylpropyl)]amine, MH+ 385. This amine {686mg, 
1.78mmol) was then reacted with i^^rl-butylisocyanate {ISOrig, 
1.78mmol) to afford 860mg (100%) of [2{R), 3 (S) ] -N- ' ' 
25 (phenylmethylcarbamoyl) amino] -2-hydroxy-4 -phenyl] -1- ;2, 2- 

dimethylpropyl) ]amino-l- (1,1- 

dimethylethyl) amino] carbonyl] butane; MH"^ 484. 

b) The CBZ protected compound (860mg, 1.78mmol) v;as 
30 then deprotected by hydrogenation over 10% palladium.-cn- 
caroon and the resulting - free amine coupled with N-CBZ-L- 
asparagine (471mg, 1.77mmol) in the presence of N- 
hydroxybenzotriazole (406mg. 2.66mmol) and EDC (374mg, 
1.95imol) to yield 326mg (34%) of [1S-[RMR*), 2S*]]- n1[3- 
35 [([ (1,1 -dimethy lethyl) amino) carbonyl) (2,2- 

dimethylpropyl) amino] -2-hydroxy-l- (phenylmethyDprcpyl) -:i- 
[ (phenylmethylcarbarroyl) amino] -butanediamide; irp 17'7-178''C 



®1993 DERWENT PUBLICATIONS LTD 



WO 93/23368 



PCr/US93/04806 



40 



10 



and MH+ 598. This confound {245mg, 0,41irTOl) was then 
deprotected by hydrogenation over 10% pal la diuiri- on -carbon 
and the resulting free amine coupled with 2- 
quinolinecarboxylic acid N-hydroxy- succinimide ester 
{lllmg, 0.41rnmol), in the presence of N-methylmorpholine, to 
afford 150mg (59%) of pure [1S-[R*(R*), 2S*]]- nI [3- [ f [ (1, 1- 
dimethylethyl) amino] carbonyl] (2 , 2 -dime thy Ipropyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 

quinolinylcarbonyl ) amino] -butanediamide; mp 115-117°C and 
MH+ 619. 



The procedure described in Example 1, part C-H, 
15 was used to prepare [1S-[R*(R*), 2S*]]- n1 [3- [ [ [ {1, 1- 

dimethylethyl) amino] carbonyl] (4-methoxyphenylmethyl) amino] 
2-hydroxy-l- (phenylmethyl )propyl] -2-.[ (2- 
quinolinylcarbonyl) amino] -butanediamide; 



20 a) From the reaction of 1.0 Og (3.36mrTVDl) of N- 

benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxy-4-ph(=;nylbutane 
and 9.2g (67mmol) of 4-methoxybenzyl amine, one obtains 
. 1.12g (76%) of [2(R), 3 (S ) ] -N- [ [3- (phenylmethylcarbamoyl ) - 
aminc]-2-hydroxy-4-phenylbutyljN- [ (4-methoxyphenv' • 

25 methyl) ] amine, MH+ 435. This amine (1.12g, 2,5err:ol) was 
then reacted with Jt£ii-butylisocyanate (260mg, 2.58nmol) to 
afford l,35g (98%) of [2(R), 3 (S) ] -N- [ [3- (phenylmethyl- 
carbamoyl ) amino ] - 2 -hydroxy- 4 -phenyl ] - 1 - [ ( 4 - 
methoxyphenylmethyl) ] amino-1- (1, 1-dimethylethyl) amino] - 

30 carbonyl] butane; MH+ 534. 

b) The CBZ protected compound {1.35g, 2.53mmol) was 
then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CB2-L- 
35 asparagine (684mg, 2.57mmol) in the presence of N- 

hydro:<yben20tria2ole {590mg, 3,85mmol) and EDC (543mg, 



4. 
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2.83mnol) to yield 442mg (29%) of [IS- [1R« (R*) , 2S*])- 
Nl [3- ( [ ( (1, l-dimethylethyl)amino] carbonyl] (4- 
inGthoj<yphenylinethyl ) amino] - 2-hydroxy-l- 

(phenylinethyl)propyl)-2-[phenylinethylcarbaiToyl)amino]- 
butanediamide; np 175»C (dec)- and MH-^ 648. This corrpound 

{345irg, 0.53nirol) was then deprotected by hydrogenation over 
10% palladiun,-on-carbon and the resulting free amine couoled 
with 2-quinolinecarboxylic acid N-hydroxy-succinimide estev 
(118mg, 0.44imDl), in the presence of N-methylmorpholino to 
afford 108mg (31%) of pure [IS- [IR* (R*) , 2S*j]- n1[3- 
[ [ [ (1 , 1 -dimethyl ethyl ) amino] carbonyl J (4- 
methojo/phenylmethyl ) amino] -2-hydroxy-l- 
(phenylmethyl)propyl]-2- [ (2-quinolinylcarbonyl) amino] - 
butanediamide; np 220°C (dec) and MLi+ 675. 
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The procedure described in Exanple 1, part C-H, 
was used to prepare [IS- [IR* (R*) , 2S*])- Nl [3- [ [ ; (1, 1- 
5 dimethyl ethyl ) amino ] carbony 1 ) ( n-buty 1 ) amino ] - 2 -hydroxy- 1 - 
(phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) .amino] - 
butanediamide . 

a) From the reaction of 1.48g (S.Ommol) of 
10 N-benzy loxy carbony 1 3 (S) -amino-1, 2- (S) -epoxy-4-phenylbutane 
and 7.314g (lOO.Omrrol) of n-butyl amine, one obtains 1.50g 
(80%) of [2(R), 3 (S) ] -N- [ [3- (phenyimethylcarbar.Toyl)amino] -2- 
hydroXy-4-phenylbutyl]N- [n-butyl) ] amine. This amine (1.4Sg, 
4.0mrTol) was then reacted with tert-butylisocyanate (396mg, 
15 4.0mmol) to afford 1.87g (100%) of [2 (R) , 3{S)]-N-[[3- 
(phenylmethylcarbamoyl) amino] -2-hydroxy-4-phenyl] -1- [ (n- 
butyl) ]amino-l- (1,1- dimethylethyl) amino Jcarbon:^'!] butane as. 
an oil. 

20 b) The CB2 protected corrpound (1.87g, 4.0mmol) 

was then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-CBZ-L- 
asparagine (l.OSg, 3.96mmol) in the presence of N- 
hydroxybenzotriazole (535ng, V.Sirrrol) and EDC i'"59rng, 

25 3.96mmol) to yield 1.75g (76%) of [1S-[1RMR*), -IS*]]- Nli3- 
[ [ [ (1, i-dimethyl ethyl) amino] carbony 1] (n-butyl) amino) -2- 
hydroxy-1- (phenylmethyl) propyl] -2- 

[ (phenylmethylcarbamoyl) amino] -butanediamide; mp .166-167°C 
and MH+ 584. 
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Example 8 



The procedure described in Exanple 1, part C-H, 
was used to prepare [IS- [IR* (R*) , 2S*]]- n1 [3- [ [ [ (1, 1- 
5 dimethyl ethyl ) amino] carbonyl] (phenylmethyl) amino] -2-hydro>ry- 
1- (phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyi ) amino] - 
butanediamide . 

a) From the reaction of 1.48g (S.Omrrcl) of N- 
10 benzyloxycarbonyl 3 (S) -amino-1, 2- (S) -epoxy-4-phenylbutane 
and 10.68g (lOO.Ommol) of benzyl amine, one obtains 1.88g 
{95%) of [2(R), 3 (S)]-N-[ [3- (phenylmethyl carbamoyl) amino] -2- 
hydroxy-4-phenylbutyl]N- [ (phenylm.ethyl ) ] amine. This amine 
(1.88g, 4,65mmol) was then reacted with j^^rL-butylisocyanate 
15 (460. Omg, 4 . 6mmol) to afford 2. 24g (96%) of [2 (R) , 3(S}]-N- 
[ [3- (phenylmethylcarbamoyl) amino] -2 -hydroxy- 4 -phenyl] -1- 
[ (phenylmethyl) ] amino-1- (1, 1-dimethylethyl) amino] carbonyl] 
butane . 

20 b) The CBZ protected corrpound (2.22g, 4.4mmol) was 

then deprotected by hydrogenation over 10% palladium-on- 
carbon and the resulting free amine coupled with N-C3Z-L- 
asparagine (1.17g, 4.4mmol) in the presence of N- 
]T/droxybenzotriazole (1.19g, B.Bmmol) and EDC {a-'OmO; 

25 4.4m[nol) toyield2.11g (78%) of [IS- [IR* (R*) , 2:-j]- n1[3- 
[ [[ (I, l-dimethylethyl) amino] carbonyl] (phenylmethyl) amino) -2- 
hydroxy-1- (phenylmethyl) propyl] -2- 

[ (phenylmetlTylcarbaiToyl) amino] -butanediamide; irp 156-158°C 
and MH+ 618. This coirpound (l.Og, 1.62mmol) w^as then 

30 deprotected by hydrogenation over 10% palladium-on-carbcn 
and the resulting free amine coupled with 2- 
guinolinecarboxylic acid N-hydroxysuccinimide ester (437mg, 
1.62mmol), in the presence of N-methylmorpholine, to afford 
640mg (62%). of pure [IS- [IR* (R*) , 2S*]]- Nl [3- [ [ [ (1, 1- 

35 dimethyl etliyl ) amino] carbonyl ] (phenylmethyl ) amino ] -2-hydroxy- 
1- (phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyI ) amino] - 
butanediamide; np 110.5-112. 5°C and MH+ 639. 
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Additional exenplary coirpounds of the present 



invention are listed in Table 1. These compounds were 
5 prepared according to the following general procedures. 

General Procedur g^ for the Synthesis of 1.3-Diamino 4--phenvl 
Butan-2-ol Derivatives. 



10 isopropyl alcohol (20mL/naaol of epoxide to be converted) was 
heated to reflux and then treated with an N-Cbz amino 
epoxide of the formula: 



15 

from a solids addition funnel over a 10-15 minute period. 
After the addition is conplete the solution was maintained 
at refl\ix for an additional 15 minutes and the progress of 
the reaction monitored by TLC. The reaction mixture was 

20 then concentrated in vacuo to give an oil that was treated 
with n-hc::ane with rapid stirring whereupon the ^ :.ng opened 
material precipitated from solution. Precipitat: on was 
generally conplete within 1 hr and the product was then 
isolated by filtration on a Buchner funnel and then air 

25 dried. The product was further dried in vacuo . This method 
affords amino alcohols of sufficient purity for most 
purposes . 



A mixture of the amine r3nH2 (20 equiv.) in dry 



R2 




H 
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Additional exeirplary conpounds of the present 
invention are listed in Table 1. These compounds were 
5 prepared according to the following general procedures. 

■General Procedure for th e Synthesis of l.l-Diaminn 4-nhonvl 
Butan-2-oT DPrivRti vp.c; . 



10 



15 



20 



A mixture of the amine r3nh2 C20 equiv. ) in dr/ 
isopropyl alcohol (20mL/rfunol of epoxide to be converted) v;as 
heated to reflux and then treated with an N-Cb? amino 
epoxide of the formula: 



R2 

Cbz 



from a solids addition funnel over a 10-15 minute period. 
After the addition is complete the solution was maintained 
at reflux for an additional 15 minutes and the progress of 
the reaction monitored by TLC. The reaction mixture was 
then concentrated in vacuo to give an oil that was treated 
with n-hc::ane with rapid stirring whereupon the ' :.ng opened 
material precipitated from solution. Precipitat: on was 
generally conplete within 1 hr and the product was then 
isolated by filtration on a Buchner funnel and then air 
25 dried. The product was further dried in vacuo . This method 
affords amino alcohols of sufficient purity for most 
purposes . 
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General PrOCefi^ire for the Svnthpc^i.^ of Aminn Rnoy^noc, 



The amino epoxides can be prepared as shown in the previous 
exairple. Preferably, such amino epoxides are prepared 
5 utilizing the following procedure. 

Step A: 

A solution of L-phenylalanine (50.0 g, 0.302 
mol), sodium hydroxide , (24.2 g, 0.605 mol) and potassium 

10 carbonate (83.6 g, 0.605 mol) in water (500 ml) is heated 
to 97'=*C. Benzyl bromide (108.5 ml, 0.912 mol) is chen 
slowly added (addition time ~25 min) . The mixture is then 
stirred at 97°c for 3 0 minutes. The solution is cooled to 
room teirperature and extracted with toluene (2 x 250 ml) . 

15 The combined organic layers are then washed with water, 
brine, dried over magnesium, sulfate, filtered and 
concentrated to give an oil product. The crude product is 
then used in the next step without purification. 

20 Step g: 

The crude benzylated product of the above step 
is dissolved in toluene (750 ml) and cooled to -55°C. A 
1.5 M solution of DIBAL-H in toluene (443.9 "ml, 0.665 mol) 
is then added at a rate to rmintain the tenperatu:; betv;een 

25 -55"* to -50^C (addition time - 1 hour) . The mixture is 

stirred for 20 minutes at -55°C. The reaction is quenched 
at -55°C by the slow addition of methanol (37 ml). The 
cold, solution is then poured into cold (5°C) 1.5 N HCl 
solution {1.8 L) . The precipitated solid (approx. 138 g) 

30 is filtered off and washed with toluene. The solid 

material is suspended in a mixture of toluene (400 ml) and 
water (100 ml). The mixture is cooled to 5°C, treated with 
2.5 N NaOH (186 ml) and then stirred at room temperature 
until the solid is dissolved. The toluene layer is 

35 separated from the aqueous phase and washed with watr land 
brine, dried over magnesium sulfate, filtered and 
concentrated to a volume of 75 ml (89 g) . Ethyl acetate 
(25 ml) and hexane (25 ml) are then added to the residue 
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upon which the alcohol product begins to crystallize. 
AFter 30 min., an additional 50 ml hexane is added to 
promote further crystallization. The solid is filtered off 
and washed with 50 ml hexane to give approximately 35 g of 
5 material. A second crop of matrial can be isolated by 

refiltering the mother liquor. The solids are combined and 
recrystallized from ethyl acetate (20 ml) and h.exane (30 
ml) to give, in 2 crops, approximately 40 g (40% from 
b-phenylalanine) of analytically pure alcohol product. The 
10 mother liquors are combined and concentrated (34 g) , The 
residue is treated with ethyl acetate and hexane which 
prof ides an additional 7 g (-7% yield) of slightly impure 
solid product. Further optimization in the recovery from 
the mother liquor is probable. 

15 

A solution of oxalyl chloride (8.4 ml, 0.09 6 
mol) in dichloromethane (240 ml) is cooled to -74°C. A 
solution .of DMSO (12.0 ml, 0.155 mcl) in dichloromethane 

20 (50 ml) is then slowly added at a rate to maintain the 

temperature at -74^C (addition time -1.25 hr) . The mixture 
is stirred for 5 min. followed by addition of a solution of 
the alcohol (0.074 mol) in 100 ml of dichloromethane 
(addition time -20 m.in., temp. -75°C to -68°C"^ . The 

25 solution is stirred at -78°C for 35 minutes. J riethylamine 
(41.2 ml, 0.295 mol) is then added over 10 min. (terrp. -78° 
to -68°C) upon which the aiTimonium salt precipitated. The 
cold mixture is stirred for 30 min. and then water (225 ml) 
is added. The dichloromethane layer is separaf.ed from the 

30 aqueous phase and washed with water, brine, dried over 

magnesium sulfate, filtered and concentrated. The residue 
is diluted with ethyl acetate and hexane and then filtered 
to further remove the ammonium salt. The filtrate is 
concentrated to give the desired aldehyde product. The 
35 aldehyde was carried on to the next step without 
purification. 
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Tenperacures higher than -lO^C has been reported 
in the literature for the Swern oxidation. Other Swam 
modifications and alternatives to the Swern oxidations are 
also possible. 

5 

A solution of the crude aldehyde 0.074 mol and 
chloroiodomethane (7.0 ml, 0.096 mol) in tetrahydrofuran 
(285 ml) is cooled to -78°C. A 1,6 M solution of 
n-butyllithium in hexane (25 ml, 0.040 mol) is then added 
10 at a rate to maintain the temperature at -75°C (addition 

■ time - 15 min.). After the first addition, additional 
chloroiodomethane (1.6 ml, 0.022 mol) is added again, 
followed by n-butyllithium (23 ml, 0.037 mol), keeping the 
tenperature at -75^*0. The' mixture is stirred for 15 min. 

15 Each of the reagents, chloroiodomethane (0.70 ml, 0.010 

mol) and n-butyllithium (5 ml, 0.008 mol) are added 4 more 
times over 45 min. at -75°C. The cooling bath is then 
removed and the solution warmed to 22°C over 1.5 hr. The 
mixture is poured into 300 ml of saturated aq. ammonium 

20 chloride solution. The tetrahydrofuran layer is separated, 

■ The aqpaeous phase is extracted with ethyl acetate (1 x 300 
ml) . The combined organic layers are washed with brine, 
dried over magnesium sulfate, filtered and concentrated zo 
give a b rown oil (27.4 g) . The product could be Mr,ed in 

25 the next step without purification. The desired 

diastereomer Cctn be purified by recrystallization at a 
subsequent step. 

Alternately, the product could be purified by 
30 chromatography. 

General procedure for the Reaction of Amino Alcohols with 
Isocvanat es: Preparation of Ureas 

35 A solution from the amino alcohol in 

tetrahydrofuran (THF; was treated at room temperature v.dtr 
the appropriate isocyanate of formula R^nCO via syringe 
under nitrogen. After the reaction has stirred for -5m the 
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progress of the reaction was monitored by TLC. The solvent 
was removed in vacuo and the product obtained was of 
sufficient purity for most purposes. The product may be 
further purified by dissolution in ethyl acetate and washing 
5 with 5% aqueous citric acid, water, and brine. The solvent 
is dried over anhydrous magnesium sulfate, filtered .and 
concentrated in yacuQ to give the pure urea. 

Generf^l Prorpriure for the Rpttv^v^^I of the Prnrectina Grr.ur^^ hv 
10 HydyOQPnolvsis with Pallad-inm on rarhnn 

A. Alcohol .qnlvPTit- 

The Cbz-protected peptide derivative was dissolved 
in methanol {ca.20mL/mmol) and 10% palladium on carbon 

15 catalyst is added under a nitrogen atmosphere. Tlie reaction 
vessel is sealed and flushed 5 times with nitrogen and then 5 
times with hydrogen. The pressure is maintained at 50 psig 
for 1-16 hours and then the hydrogen replaced with nitrogen 
and the solution filtered through a pad of celite to remove 

20 the catalyst. The solvent is removed in vacuo to give the 

free amino derivative of suitable purity to be taken directly 
on to the next step. 

B. Acetic Acid Solvpnr 

The Cbz-protected peptide derivative .-^s dissolved 
in glacial acetic acid (20mL/mTOl) and 10% palladium on 
carbon catalyst is added under a nitrogen atmosphere. The 
reaction vessel is flushed 5 times with nitrogen and 5 times 
with hydrogen and then maintained at 4 0 psig for about 2h. 

30 The hydrogen was then replaced with nitrogen and the re^.ction 
mixture filtered through a pad of celite to remove the 
catalyst. The filtrate was concentrated and the resulting 
product taken up in anhydrous ether and evaporated to dryness 
3 times/, The final product, the acetate salt, was dried in 

35 yacuQ and is. of suitable purity for subsequent conversion. 
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General ProCPdure for R^movr^l of p oc-n>^o^pr^inc: Group v;irh :.K 
Hvdrochlorir Ar-irf in nin^ ^ pg^ 

The Boc-protected amino acid or peptide is treated 
5 \vith a solution of 4N HCl in dioxane with stirring at room " 
tenperature. Generally the deprotection reaction is corrplete 
within 15 minutes, the progress of the reaction is monitored 
by thin layer chromatography. (TLC) . Upon conpletion, the 
excess dioxane and HCl are removed by evaporation in vacuo . 
10 The last traces of dioxane and HCl are best removed by 
evaporation again from anhydrous ether or acetone. The 
hydrochloride salt thus obtained is thoroughly dried in vacuo 
and is suitable for further reaction. 

SX/HOPr. CQUUlina of Cbz-AsnaraoinP fr. P nPral Prnr^rlnro) 

N-CBZ- (L-asparagine (1. lOeq) and N- 
hydroxybenzotriazole (HOBt) (1.5eq)are dissolved in dry 
dimethylformamide (DMF) (2-5mL/mmol) and cooled in an ice 

20 bath. 1- {3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (EDC) (l.lOeq) is added to the stirring 
solution and maintained at 0°C for 10 minutes. A solution of 
the amino conponent (free amine), l.Oec in DMF {l-2iriL/rTmol) , 
is added. [in the case of the amine hydrochloride v acetate 

25 salt, an equivalent of M-methylmorpholine is also a^ded.] 

, • The reaction mixture is stirred at 0°C for 1 hour and then at 
room tenperature for -5-6 hours. The reaction mixture is 
then poured into a rapidly stirring solution of 60% saturated 
aqueous sodium bicarbonate (ca-SOmL/mrol ) . ?^si immediate 

30 white precipitate forms which is collected on a Buchner 

funnel and the solid washed thoroughly with saturated aq^aeous 
sodium bicarbonate, water, 5% aqueous citric acid solution 
and water. The product is thoroughly dried in vacuo and 
redissolved in DMF, filtered and reprecipitated by the 

35 addition to water. The precipitated product is isolated by 
filtration, washed again with water and dried in yacUQ. 



wo 93/23368 



50 



PCr/US93/04806 



npnpral Procedure for Ar\ r^^t]nn wit-h 2-Quino1inp Cr^rbQ^/I;? 
Arid N-Hvdroxvsuccinimi rip F?;ter 

5 A solution of the free amine (or amine acetate 

salt) and 1. 0 equivalent of N-hydroxysuccinimide 2-quinoline 
carboxylate in anhydrous dichloromethane was treated with 
1.5 equivalents of 1^-methylmorpholine (NMM) at room 
temperature. The progress of the reaction was monitored b\' 

10 TLC and when the reaction was coirplete the reaction mixture 
was diluted with additional dichloromethane and the solution 
washed with saturated aqueous sodium bicarbonate, 5% aqueous 
citric acid, water and brine. The solution was dried over 
anhydrous magnesium sulfate, filtered and concentrated in 

15 vacuo . The product thus obtained was recrystallized from a 
mixture of acetone and hexane. 
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TABLE 1 




V H OH R3 

5 CONH2 



15 



Entry 


No. R 


r3 


r4 


1 


Cbza 


CH3 


n-Butyl 


2 


Cbz 


i-Butyl 


CH3 


3 


Cbz 


i -Butyl 


n- Butyl 


4 




i- Butyl 


n-3utyl 


5 


Cbz 


i- Propyl 


n-Butyl 


6 


Q 


i- Propyl 


n-Butyl 


7 


Cbz 


C6H5 


n-Butyl 


8 , 


Cbz 






9 


Cbz 




n-Butyl 


10 


Q 




n-Butyl 


11 


Cbz 




n-3utvl 


12 


Cbz 


i-Buti'l 


n- Propyl 


13 


Cbz 


i -Butyl 


-CH2CH(CH3)2 


14 


Cbz 


(R)-CH{CH3)— 


n- Butyl 


15 


Cbz 


-CH2-^ 


i- Propyl 
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TABLE 1 f cont'd.) 



Entry No. 



r3 



r4 



10 



16 
17 
18 

19 
20 

21 

22 

23 
24 
25 

15 26 



27 

28 
29 
30 
31 
32 
33 
34 
35 
36 



20 



25 



37 
38 
39 

40 

30 41 



Cbz 

Cbz 
Cbz 

Cbz 



Cbz 
Cbz 
Q 

Cbz 
Q 

Cbz 
Q 

Cbz 
Q 

Cbz 
Q 

Cbz 
Cbz 
Cbz 
Cbz 
Cbz 

Cbz 
Cbz 
Q 

Cbz 
Cbz 



-CH2-Q 

i- Butyl 
i- Butyl 

i-Butyl 
i -Butyl 

-CH2-0 

(C:H2)2CH{CH3)2 
i-3utyl 
i -Butyl 
i-Butyl 



-CH2 



no® 



-CH2-Tg@ 

-(CH2)2CH(CH3)2 

-(CH2)2CH{CH3)2 

-CH2C6H5 

-CH2C6H5 

-(CH2)2C6H5 

-(CH2)2C6H5 

n-Butyl 

n- Pentyl 

n-Hexyl 

-CH2C(CH3)3 
-CH2C(CH3)3 

-CH2CH2-N^^O 
-CH2C6H5OCH3 (para) 



-CH2CH2CH{CH3)2 

-CH2CH3 

-CH{CH3)2 



-o 



-{CH2)2CH(CH3)2 

-C:H(CH3)2 
-CH{CH3)2 
-C (CH3 ) 3 
-C (CH3 ) 3 

-C(CH3)3 

-C(CH3)3 

-C{CH3)3 
-C{CH3}3 
-C (CH3 ) 3 
-C{CH3}3 
■C{CH3)3 
-C{CH3)3 
-C(CH3)3 
-C(CH3)3 
-C(CH3)3 

-C(CH3)3 

-C{CH3)3 
-C{CH3)3 

-C(CH3)3 
-C(CH3)3 
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Entry No. R 



53 

r3 



5 42 



49 



50 



51 



15 52 



53 



54 



55 



• Cbz 



43 


Cbz 


44 


Cbz 


45 


Q 


46 


Cbz 


47 


Q 


48 


Q 



Ph' 




CK 



A 



■■<) 



-CH2- 
-'^2-<0 N 



-(CH2)2C(CH3)3 
-(CH2)2C(CH3)3 
-(CH2)4CH 
-(CH2)4CH 



N 



-CH2-< 
-CH2-< 

-CH2CH{CH3)2 

-CH2ra{CH3)2 
-CH2ai(CH3)2 

-CH2Cri(CH3)2 

-CH2CH (CH3 ) 2 
-CH2ai(CH3)2 
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r4 



-C{CH3)3 

-C(Cri3)3 

-C(CH3)3 
-C(CH3)3 
-C(CH3)3 
-C(CH3)3 

-C(CH3)3 
-C(Cri3)3 

-C(CH3)3 

-C(C-{3)2 

- -(0:3)3 

-C(ra3)3 



-C(CK3)3 



-C(CH3)3 



wo 93/23368 



PCr/US93/04806 




10 a benzyloxycarbonyl 

^ 2-quinolinylcarbonyl 
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E XAMPLE 10 

Following the generalized procedures set forth in 
Exanple 9, the corrpounds set forth in Table 2 were prepared. 

TABLE 2 




I 



10 



Entry 


A 


r3 


1 


Cbz-Val 


i-airyl 


2 


Cbz-Leu 


l-anyl 


3 


Cbz-Ile 


i-airyl 


4 


Ac - D - hoino - Phe 




5 


Qui-Orn{Y-Cbz) 


-CH2-{0) 


6 


Cbz-Asn 


-CH2CH=CH2 


7 


Acetyl-t-BuGly 


i-anyl 


8 


Acetyl -Phe 


i-airyl 


0 


Acetyl-Ile 


i-airyl 


10 


Acetyl -Lau 


i-aiTTy'l 


11 


Acetyl-His 


i-amyl 


12 


Acetyl -Thr 


i-airyl 


13. 


Acetyl -N}CK (C (CH3 ) 2 { SCH3 ) ) c (0) - 






i-airyl 


14 


Cbz-Asn 


i-airyl 


15 


Cbz-Ala 


i-anvl 



15 



20 



25 



30 



tBa 

n-3j 
t-Bj 

I -Ba 
r-Bj 

I;-Bu 



I-Bu 
I:-Bj 
t.-Bj 
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Entry a r3 r4 

5 



10 



15 



16 




i-anyl 




17 


Cb z - be t a - cy an 0 Al a 


i-anyl 


, i-Bu 


18 


Cb2-t-BuGly 


i-airyl 




19 


Q-t-BuGly 


i-airyl 


^-3u 


20 


Q-SCH3Cys 


i-airyl 


t-3u 


21 


Cbz-SCH3Cys 


i-anyl 


t-Bu 


22 


Q-Asp 


i-anyl 


t-Bu 


23 


Cb2-{N:-iCH(C(CH3)2(SCH3))C(0). 


i-airyl . 


£-Bu 


24 


■ Cbz-EtGly 


i-airyl 


r-Bu 


25 


Cbz-PrGly 


i-airyl 


t-Bu 


26 


Cbz-Thr 


i-airyl 


i-Bu 


27 


Q-Phe 


i-anyl 


r-Ba 


28 


Cbz-Phe 


i-arryl 


£-Bu 


29 


Cbz [NHCH (CH2C (0) NHCH3 ) C (0) 


i-anyl 


i:-Bu 


30 


Q [NHCH (CH2C (0) NHCH3 ) C (0) 


i-arryl 


];-Ba 
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EX.^T,r n 



Following the generalized procedure of Exairple 9, 
5 the compounds listed in Table 3 were prepared. 



10 



TABLE 



H 



Cbz' 



H 




15 



20 



25 



Entry 



1 
2 
3 
4 
■5 
6 
7 
8 
9 

10 

11 

12 

13 



Rl 



-CH2SO2CH3 

fR)-CH(0H)CH3 

-CH(CH3}2 

- (R,S)CH2SOCK3 

-CH2SO2NH2 

-CH2SCH3 

-CH2Cn(C-i3)2 

-CH2ai2C (0)Mi2 

(-S) -CH(0K)CH3 

-CH2CsCH 

-GF3 

-CH(CF3)2 
-C(CH3)2{SCH3) 
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EXAMPLE 12 

Following the generalized procedures of Example 9, 
the compounds set forth in Table 4 . were prepared. 

5 

TABLE 4 



j 10 




Entry r2 



15 



20 



25 



30 



1 


n-Bo. 


Coz-Asn 


2 


eye 1 ohe>y Ime t hy 1 


Cbz-Asn 


3 


I}-Bu 


BOC 


4 


JD-Bu 


Cbz 


5 


C6H5CH2 


-Boc 


6 


C6H5CH2 




7 


C6H5CH2 ■ 


benzoyl 


8 


cyclohexylmethyl 


Cbz 


9 


n-Bu 


0-Asn 


10 


cyclohexylmethyl 


Q-Asn 


11 


C6H5CH2 


Cbz-Ile 


12 


C6H5CH2 


Q-Ile 


13 


C6H5CH2 


Cbz-t-BuGly 


14 


C6H5CH2 


Q-t-BuGly 


15 


C6H5C:H2 


Cbz-Val 


16 


C6H5CH2 


Q-Val 
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TABLE 4 (Cont'd.) 

Entry r2 A 



5 



20 



17 


2 -naphthy Imethy 1 


Cbz-Asn 


18 


■ 2-naphthylmethyl 


Q-Asn 


19 


2 -naphthylmethy 1 


Cbz 


20 


n-Bu 


Cbz-Val 


21 


n-Bu 


Q-Val 


22 


n-Bu 


Q-Ile 


23 


n-Bu 


Cbz-t-BuGly 


24 


n-Bu 


Q-t-BuGly 


25 


p-F(C6H4)CH2 


Q-Asn 


26 


P-F(C6K4)C:H2 


Cbz 


27 


p-F(C6H4)CH2 


Cbz-Asn 


28 


C6H5C:H2 


Cbz -propargyl glycine 


29 


C6H5CH2 


Q-propargylglycine 


30 


C6H5CH2 


acetyl -proparglyg ly c ine 


31 


i-Bu 


Cbz-Asn 
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E)CAMPLE 13 

The conpounds listed in Table 5 were prepared 
according to the generalized procedures of Exanple 9 . 

TABLE 5 



10 



15 



Entry 



1 
2 
3 




-NEt2 

-NHC(CH3)2CH2CH3 



Cbz-Asn 
Cb2 

Cbz 



10 



15 



2( 
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EXAMPLE 14 

The corrpounds of Table 6 were prepared according 
to the generalized procedures set forth in Example 9 except 
5 that instead of an isocyanate, an isothiocyanate equivalent 
was utilized. 

TABLE 6 



10 




The Cbz group of the compounds shown in Examples 13 and 14 
can be removed as described in Exairple 9 and the resulting 
coirpound can be coupled to a desired a- or 15-amino acid or 
the like to produce conpounds of the present invention. 

25 
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The conpounds shown in Table 7 were prepared 
according to the following general procedure. 
5 This general procedure represents a Curtius. Rearrangement and 
reaction with the amino alcohol derivative as prepared 
following the general procedure in Exairple 9. 

To a solution of 1 mmol of carboxylic acid in 12 
10 mL of toluene and 3 mmol of triethylamine at 90°C under a 
nitrogen atmosphere, was added 1 mmol of diphenylphosphoryl 
aside. After 1 hour, a solution of 1 mmol of amino alcohol 
derivative in 3.5 mL of either N,N-dimethylformamide or 
toluene was added. After 1 hour, the solvent was reiroved 
15 under reduced pressure, ethyl acetate and water added and the 
layers separated. The organic layer was washed with 5% 
citric acid, sodium bicarbonate, brine, dried, filtered and 
concentrated to afford the crude product. This was then 
recrystallized or chroma tographed on silica gel to afford the 
20 purified final cortpound. 
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Example 16 

A. Preparation of 4 f 4-Tnethnwben2vl) itaconate 



5 




A 5 L three-necked round bottomed flask ecuipped 
with constant pressure addition funnel, reflux condenser, 
nitrogen inlet, and mechanical stirrer was charged with 

10 itaconic anhydride (660. 8g, 5.88 mol) and toluene (2300 rru_») . 
The solution was warmed to reflux and treated with 4- 
methoxybenzyl alcohol {812. 4g, 5.88 mol) dropwise over a 
2.6h period. The solution was maintained at reflux for an 
additional l.Sh and then the contents were poured into three 

15 ■ 2 L erlenmeyer flasks to crystallize. The solution was 
allowed to cool to room tenperature whereupon the desired 
mono-ester crystallized. The product was isolated by 
filtration on a Buchner funnel and air dried to give 850. 2g, 
58% of material with np 83-85°C, a second crop, 17% was 

20 isolated after cooling of the filtrate in an ice bath. 

NMR {CDCI3) 300 MHz 7.32(d, J=8.7 Hz, 2H) , 6.91(d, J=8.7 Hz, 
2H), 6.49{s, IH), 5.85(s, IH) , 5.12(s, 2H) , 3. (s, 3H) , 
3.40(s, 2H). 
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T^varnnle 16 

A. Preparation of 4 (4-Tnphhnyvbgn7vl) itaconatg 

O CHj 

XJ 

A 5 L three-necked round bottomed flask equipped 
with constant pressure addition -funnel, reflux condenser, 
nitrogen inlet, and mechanical stirrer was charged with 

10 itaconic anhydride (660. 8g, 5.88 mol) and toluene {2300 mL) . 
The solution was warmed to reflux and treated with 4- 
methoxybenzyl alcohol (812. 4g, 5.88 mol) dropwise over a 
2.6h period. The solution was raintained at reflux for an 
additional 1.5h and then the contents were poured into three 

15 2 L erlenmeyer flasks to crystallize. The solution was 
allowed to cool to room tenperature whereupon the desired 
mono-ester crystallized. The product was isolated by 
filtration on a Buchner funnel and air dried to give 850. 2g. 
58% of material with mp '83-85°C, a second crop, 1'^% was 

20 isolated after cooling of the filtrate in an' ice bath. 

NMR (CDCls) 300 MHz 7.32(d, J=8.7 Kz, 2H) , 6.91''-. J=:8.7 Hz, 
2H), 6.49(s, IH), 5.85(s, IH) , 5.12(s, 2H) , 3.8:':s, 3H) , 
3.40(s, 2H) . 
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B. Preparation of MP*-nv1 4 f4-mprhn> ^^benzvl) itaconafr- 




5 A 5 L three-necked round bottomed flask equipped 

with reflux condenser, nitrogen inlet, constant pres^sure 
addition funnel and mechanical stirrer was charged with 4(4- 
methoxybenzyl) itaconate (453. 4g, 1.81 mol) and treated v;ith 
l,5-dia2abicyclo[4.3.0]non-5-ene (275. 6g, 1.81 mol), (DBN) , 
10 dropwise so that the teirperature did not rise above 15°C. 
To this stirring mixture was added a solution of methyl 
iodide (256. 9g, 1.81 mol) in 250 mL of toluene from the 
dropping funnel over a 45m period. The solution was allowed 
to warm to room temperature and stirred for an additional 
15 3.25h. 

The precipitated DBN hydroiodide was removed by 
filtration, washed with toluene and the filtrate -poured into 
a separator/ funnel. The solution was washed v;ith' sat. ac, 
20 ,NaHC03 {2 X 500 mL) , 0.2N KCl (1 X 500 mL) , and brine (2 X 
500 mL) , dried over anhyd. MgS04, filtered, and the - ^ verr. 
removed in vacuo. This gave a clear colorless oil. 4:.J.2g, 
94% whose NMR was consistent with the assigned structure. 
1h NMR (CDCI3) 300 MHz 7.30(d, J=8.7H2, 2H) , 6.90(d, J=8.7 
J- 25 Hz, 2H), 6.34(s, IH) , 5.71(s, IH^ 5.09(s, 2H) , 3.82(s, 3H) , 
3.73(s, 3H), 3.38(s, 2H) . 13c NMR (CDCI3) 170.46, 166.47, 
159.51, 133.55, 129.97, 128.45, 127.72, 113.77, 66.36, 
55.12, 51.94, 37.64. 
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r. Prpnarari^" nf-M p^-hvl 4 (4-ir.ethoxvben2vl) 2(P.)- 
^^p^hvl!=;t!rrinat:e 




O 



CH3 



,OCH. 



CH30" 



5 



A 500 mL Fisher-Porter bottle was charged with 



methyl 4 (4-methoxyben2yl) itaconate (71. Ig, 0.269 mol), 
rhodium (R,R) DiPAMP catalyst (204mg, 0.269 mnol, 0.1 mol%) 
and degassed methanol (215 mL) . The bottle was flushed 5 

10 times with nitrogen and 5 times with hydrogen to a final 
pressure of 40 psig. The hydrogenation commenced 
immediately and after ca. Ih the uptake began to taper off, 
after 3h the hydrogen uptake ceased and the bottle was 
flushed with nitrogen, opened and the contents concentrated 

15 on a rotary evaporator to give a brown oil that was taken up 
in boiling iso-octane (ca. 200 mL, this was repeated twice), 
filtered through a pad of celite and the filtrate 
concentrated in vacuo to give 66. 6g, 93% of a clear 
colorless oil, 1h NMR (CDCI3 300 MHz 7.30{d, J=8.7 Hz, 2K) , 



20 6.91(d, J=8.7 Hz, 2H) , 5.08(s, 2H) , 3.82(s, 3H) , 3.67(s, 

3H), 2.95(ddq, J=5.7, 7.5, 8.7 Hz, IH) , 2.79(dd, J-.-.:, 16.5 
Hz, IH), 2.45(dd, J=5.7, 16.5 Hz, IH) , 1.23(d, J=7.^^ :lz, 
3H). 



wo 93/23368 



PCr/US93/04806 



69 



10 



15 



!0 



5 



) 



A 3 L three-necked round-bottomed flask ecraiooec 
w.th a nitrogen inlet, mechanical stirrer, reflux condenser 
■ and constant pressure addition funnel was charged with 

n>ethyl 4 (4-methoxybenzyl, 2 (R, -methylsuccinate (432. 6g 1 65 
. -o ) and toluene (1200 rrl,, . stirrer was started and th« 

solution treated with trifluoroacetic acid (600 rrL) from rh^ 
dropping funnel over 0.25h. The solution turned a deep 
purple color and the internal temperature rose to 45°C 
.:ter stirring for 2.25h the tenperature was 27<>C and the 
solution had acquired a pink color. The solution was 
concentrated on a rotary evaporator. The residue was 
diluted with water (2200 mL, and sat. ag. NaHCOs dOOO M.) . 
Additional NaHCOs was added until the acid had b^en 
neutralized. The aqueous phase was extracted with ethyl 
acetate (2 x 1000 mL) to renove the by-products and the 
aqueous layer was acidified to pH=1.8 with cone. HCl. This 
solution was extracted with ethyl acetate (4 X 1000 mL) 
washed with brine, dried over anhyd. MgS04, filtered and 
concentrated on a rotary evaporator to give a colorless 
nquio 251g, >100% that was vacuum distilled through a short 
path apparatus cut 1: bath tenperature 120°C @ >in^, bo 2.- 

y C; cut 2: bath temperature 140°C & 0.5^, bp 95-108°^ 
151g, [ )D @ 25»C=.1.38<>C(c=15.475, MeOH) , [a]n=.8.48»C ^ 
(neat); cut 3: bath temperature 140°C, bp 108°C -^fir- r i a 
25°C=.1..9=C,c=lS.OO, MeOH), f.) .=.8 . 98»/ (neat, cut ' 
and 3 were coiri^ined to give 189g, 78% of product, 1h NM? 

CDC13, 300 MH. n.6(brs, IH) , 3.72,s, 3H, , 2.92(ddq,^'5 7 
6.9, 8.0 HZ, IH), 2.81(dd, J=8.0, 16.8 Hz, IH) , 2.47,d. ' ' 
J=5.7, 16. S Hz, IH), 1.26(d, J=6.9 Hz, 3H) . . 
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£. Preparation of Kethvl I^arnnatP 

0 CH:, 




OCH, 
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W 



10 



15 



20 



25 



30 



A 50 mL round bottomed flask equipped with reflux 
condenser, nitrogen inlet and magnetic stir bar we.s chargec 
with methyl 4 (4-methoxyben2yl) itaconate (4.00g, 16 mmol) . 
The solution was kept at room temperature for 16 hours and 
then the volatiles were removed in vacuo. The residue was 
taken up in ethyl acetate and extracted three times with 
saturated aqueous sodium bicarbonate solution. The combined 
aqueous extract was acidified to pH=l with aqueous potassiurri 
bisulfate and then extracted three times with ethyl acetate. 
The combined ethyl acetate solution was washed with 
saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, filtered, and concentrated in vacuo. The 
residue was then vacuum distilled to give 1.23g, 7?% of pure 
product, bp 85-87 § 0,1 mm. 1h NMR (CDCI3) 300 MHz 6.34 (s, 
IH), 5.73(s, 2H), 3.76(s, 3H) , 3.38(s, 2K) . 13c NMR iCDZl2) 
177.03, 166.65, 129.220, 132.99, 52.27, 37.46. 

F. Curtius Rearra ngement of Methvl 2 (Rl -meth\^ls-^ - - nate: 
Preparation of Methvl N-Mo"-a -mgthvl R-aianinp . 



CH3O 




OCH. 



A 5L four necked round bottomed flask equipped 
with a nitrogen inlet, reflux condenser, mechanical stirre: 
constant pressure addition funnel, and thermometer adapter 
was charged with methyl 2 (R) -methylsuccinate (184.1g, 1.26 
mol), triethylamine (165. 6g, 218 mL, 1.64 mol, 1.3 
equivalents), and toluene (1063 mL) . The solution was 



IC 



11 



21 



WO 93/23368 



PCT/LIS93/04806 



10 



15 



71 

warmed to 85°C and txhen treated dropwise with a solution of 
diphenylphosphoryl azide (346. 8g, 1.26 mol) over a period ol 
1.2h. The solution was maintained at that teiroerature for 
an additional l.Oh and then the mixture was treated with 
4-methoxyben2yl alcohol (174. Ig, 1.26 mol) over a 0.33h 
period from the dropping funnel. The solution v;as stirred 
at 88°C for an additional •2.25h and then cooled to room 
tenperature. The contents of the flask were poured into a 
separatory funnel and washed with sat. aq. NaKC03 (2 X 500 
mL), 0..2N HCl (2 X 500 mL) , brine (1 X 500. mL), dried over 
anhyd. MgS04, filtered, and concentrated in vacuo to give 
302, 3g, 85% of the desired product as a slightly brown oil. 
IH NMR (CDCI3) 300 MHz 7.32 (d, J=8.4 Hz, 2H) , 5.SJl(d, J=8.4 
Hz, 2H), 5.2(brm, IH) , 5.05(s, 2H) , 3.83(s, 3H) , 3.70(s, 
3H).-3.35(m, 2H) , 2.70(m, 2H) , 1.20{d, J=7.2 Hz, 3H) . 



G . HVtjrolvsis of Mpfhvl N-Mn7-fr - methv1 p-Al^n l n' 
PrePtarfltinn of g-mP^hvl n-a1anin q Hvdrnrhlnrirfo 



20 



CLHaN* 




25 



30 



A 5 L three-necked round bottomed i.. -k eCTJzpoed 
with a reflux condenser, nitrogen inlet and mecnanical 
stirrer was charged with methyl ig-Moz-a-methyl (J-alanine 
(218. 6g, 0.7.8 mol), glacial acetic acid (975 mL) and 12M 
hydrochloric acid (1960 mL) . The solution was then heated 
to reflux for 3h. After the solution had cooled tc room 
temperature (ca. Ih) the aqueous phase was decanted from 
organic residue (polymer) and the aqueous phase concentrated 
on a rotary evaporator. Upon addition of acetone to the 
concentrated residue a slightly yellow solid formed t.hat was 
slurried with acetone and the white solid was isolated b\- 
filtration on a Buchner funnel. The last traces of acetone 
were removed by evacuation to give 97. 7g, 90% of pure 
product, mp 128 . 5-130 . 5°C [oJd @ 25°C=9.0°C {c=2 53i;. 
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Methanol). NMR (D2O) 300 MHz 3.29(dd, J=8.6, 13.0 Hz, 
IH) , 3.16(dd, J=5.0, 13.0m Hz, IK), 2.94(ddq, J=7.2, 5.0. 
8.6 Hz, IH), 1.30(d,J=7.2 Hz, 3H) ; 13c NMR (D2O) 180.84, 
44.56, 40.27, 17.49. 

H. Preparation of N-Boc a-Met.hvl B-Alanine 

CH3 

,OH 




10 A solution of a-methyl p-alanine hydrochloride 

(97. 7g, 0.70 mol) in water {1050 mL) and dioxane (1050 mL) 
the pH was adjusted to 8.9 with 2 . 9N NaOH solution. This 
stirring solution was then treated with d:.-:ert:- butyl 
pyrocarbonate (183.3g, 0.84 mol, 1.2 equivalents) all at 

15 once. The pH of the solution was maintained between 8.7 and 
9.0 by the periodic addition of 2.5N NaOH solution. After 
2.5h the pH had stabilized and the reaction was judged to be 
complete. Tne solution was concentrated on a rotary 
evaporator (the tenperature was maintained at <40°C) . The 

20 excess di- tert -butyl pyrocarbonate was reroved by axtraction 
with dichloromethane and then the aqueous solution was 
acidified with cold IN HCl and immediately -.iiracted v;itr. 
ethyl acetate (4 X 1000 mL) . The combined •-;:hyi acetate 
extract was washed with brine, dried over anhv-d. MgS04 , 

25 filtered and concentrated on a rotary evaporator to give a 
thick oil 127. 3g, 90% crude yield that was stirred with n- 
hexane whereupon crystals of pure product formed, 95.65g, 
67%/np 76-73''C, [alo @ 25°C=-11.8°C (c=2.4, EtOH) . A second 
crop was obtained by concentration of the filtrate and 
30 dilution with hexane, 15. 4g, for a combined yield of lll.OSg, 
78%. 1h NMR (acetone De) 300 MHz 11.7 (brs, IH) , 6.05 (brs 
IH), 3.35 (m, IH), 3.22 (m, IH) , 2.50 (m, IH) , 1.45(s, 9H; , 
1.19 (d, J=7.3 Hz, 3H); 13c NMR (acetone l')6) 177.01, 79.28, 
44.44, 40.92, 29.08, 15.50. Elemental analysis calc'd. for 
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C9H17NO4: C, 53.19, 8.42; N, 6.89. 
8.46; N, 6.99. 



Found : C , 53.36; H , 



I. Preparation of H-4-Met:hoxvbgnzvlox vcarbonvl a-Metihvl R- 

Alanine 

A solution of M-4-methoxybenzyloxycarbonyl 
a-methyl p-alanine methyl ester (2.81g, 10.0 mmol) in 30 mL 
of 25% aqueous methanol was treated with lithium hydroxide 
(1.3 equivalents) at room tenperature for a period of 2h. 
The solution was concentrated in vacuo and the residue taken 
up in a mixture of water and ether and the phases separated 
and the organic phase discarded. The aqueous phase was 
acidified with aqueous potassium hydrogen sulfate to pK=1.5 
and then extracted three times with ether. The combined 
ethereal phase was washed with saturated aqueous sodium 
chloride solution/ dried over anhydrous magnesium sulfate, 
filtered and concentrated in vacuo to give 2.60 g, 97% of U- 
4-Methoxybenzyloxycarbonyl a-methyl p-alanine (N-Mo2-AM3A) 
which was purified by recrystallization from a mixture of 
ethyl acetate and hexane to give 2.44g, 91% of pure product, 
irp 96-97°C, MH+=268. 1h NMR (D6-acetone/300 MHz) 1.16 (3H, d, 
J=7.2H2), 2.70 (IH, m) , 3.31 (2H, m) , 3.31 (3H, s) , 4.99 (2H, 
s), 6.92 (2K, 4, J=:8.7Hz), 7.13 {2H, d, J=8 . 7 . 

J, Preparation of Pronan amidp. ( 4-met:hoxvbQn:^v 1 - 
QXVCarbQnvl)-N-r3-f r f fl. l-dimethvlethyD^minplr^ rbonvl 1 
met hvlbutvl) amino 1 -2 -hydroxy- 1 - fnh envlm.ethvl) nronvl 1-2- 
methvl-flS-riRMSM . 2.^*11- 

- N-M02-AM3A (468mg, 1.75mmol) v;as dissolved in Srr^L 
of DMF, HOBT (355mg, 2.6mrnol) was added and the solution was 
cooled to O^^C. The solution was treated with (336mg, 
1.75mmol) EDC for 15 minutes. To this was added (612mG, 
1.75mmol) of [2R,3S 3-amino-l-isoar.yl-l- ( t- 

butylcarbonyl) amino 4-phenyl-2-butanol in lOniL of DMF and the 
reaction stirred for 16 hours at room temperature. The DI^ 
was concentrated to 5mL and the product was precipitated by 



wo 93/23368 



PCT/US93/04306 



74 

addition to 60% saturated aqueous NaHC03 . The solid was 
taken up in nthyl acetate and washed with KHSO4 / NaKC03 , 
NaCl (saturated) , dried over MgS04 and concentrated to yield 
680ing of crude product which was crystallized from CH2CI2/ 
5 Et20, hexane, to yield 300mg of pure product. 

The compounds of Table 8 were prepared according 
10 to the procedure listed below and that utilized in Exanple 
16. 

P?rQpaneaiTude, 3- f (1, l-di^letlT/lgthyJ■)butg?<ycarbQ^yl]^j.nc)-N-- 
[3- r r f (l,l--dimethYlethvl]amno1carbgnYl1 (3- 
15 met hvlbutvl 1 axiuno 1 - 2 - hvdro?^- 1 - ( phenvilmet hy 1 ) vzow 11-2- 
met hY l -, flS-f lR MS") .2S*1- (Table 8, Entry 11) 

Part A : 

A solution of N-t-butyloxycarbonyl-2- (R) -methyl-3- 
20 aminopropionic acid (372 mg, 1.83 irmol) and N- 

hydroxybenzotriazole (371 mg, 2.75 mmol) in 5 mL of 
dimethyl formamide was cooled to 0°C. To this was added EEX: 
(351 mg, 1.83 mmol) and the solution was stirred for 15 
minuter. To this chilled solution was added ^ solution of 
25 3-[ [[ (1, 1-dimethylethyl) amino] carbonyl] (3-methy cutyl)- 

amino) -2 (R) -hydroxy-1 (S) (phenylmethyl)propylaxTune in 5 mL of 
dimethyl foriT^amide and stirred for 15 hours. The 
dimethylf ormamide was removed and replaced with 50 mL of 
ethyl acetate, and the organic phase was extracted with 5% 
30 potassium hydrogen sulfate, saturated sodium bicarbonate and 
brine. The ethyl acetate layer was dried over magnesium 
sulfate, filtered and concentrated to yield 613 mg of 
product after recrystallization from ethyl acetate , 
hexanes. (63 % yield). M+Li 541 

35 
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Preparation of Propanearaide,_3-amino-M- [ 3- [ [ [ ^'1 . 1- 
dimethylethyl) amino] carbonyl]- (3-methylbutyl)ainino] -2- 
hydroxy-1- (phenylmethyl ) propyl ] -2-inet:hyl-, [IS- [IR* (S*) , 
5 2S*] -hydrochloride 

The product from part A. {577 mg, 1.03 mmol) was 
dissolved in 40 mL of 4N HCl in dioxane and the solution 
stirred for 2 hours, and concentrated to yield the 
10 hydrochloride salt in quantitative yield. 

Part C: 

Preparation of Propaneamide , 3-(2- 
methylpropanoylamino) -N- [3- [ [ [ (1, 1-dimethylethyl) - 
15 amino] carbonyl] {3-methylbutyl) amino] -2-hydroxy-l- 
(phenyLmethyl) propyl ]-2-methyl-, [1S-[1R*(S*) ,2SM- 

The product from part B. (236 mg, 0.5 mrrol) v;as 
dissolved in anhydrous tetrahydrof uran and to this v;as added 

20 N-methylmorpholine (160 mg, 1.5 mmol) upon which time a 

precipitate formed. To this suspension was added isobutyryl 
chloride { 53.5 mg, 0.5 mmol) and the suspension stirred for 
15 hours. The suspension was diluted with ethyl acetate anc 
washed v;ith 5% potassium hydrogen sulfate, saturated sodi'uri 

25 bicarbonate and brine, the organic layer was d:- --d over 

magnesium sulfate, filtered and concentrated to yield 195 mc 
of crude product which was chroma tographed on silica gel 
. with 5% methanol methylene chloride to yield 121.5 rrn ( 50 % 
yield) of pure product. M+Li 511 

30 
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TABLE 8 (Cont'd) 





Following generally the procedure r.et forth in 
Exairple 16, the coirpounds shewn in Table 9 were prepared. 
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E?<ainple 20 

This example illustrates preparation of 
conpounds wherein r4 and r5 together with N, forms a 
5 heterocycloal)c/l radical . 

a) Pyrrolidine carbamoyl chloride. 



10 



15 



20 




A stirring solution of triphosgene (27.78g, 0.103 
mol) in 40 mL toluene was cooled to -20 in an ice/salt 
bath under a blanket of nitrogen and treated with 3 solution 
of N-methylmorpholine {27.3 g, 0.27 mol) in 20 mL of toluene 
dropwise over Ih. This solution was then treated with a 
solution of pyrrolidine (19.8 g.. 0.27 mol) in 30 mL of 
toluene over a period of 30 m. The solution was allov;ed to 
warm to room tenperature . filtered and the filtrate 
concentrated in vacuo to give an oil that was purified by 
vacuum distillation through a 12" Vigeraux coluirun to give 
20. 7g, 56%, bp 58 °C § 0.6 mm, of pure product. 
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b) Butanediamide, Nlt3- [ [ (4-f luoropheiiyDmethyl ) ] (1- 
pyrrolidinylcarbonyl ) amino] -2-hydroxy- 1- 
(phenylmethyl)propyl] -2- [ (2- 

quinolinylcarbonyl) amino] - [IS [IR* (R* ) , 2S*] ] - 

5 




A Stirring solution of [IS- [IR* (R*) ,2S*] ] -n1- l3- 
[ [ (4-fluorophenyl)methyl]amino]-2-hydroxy-l- 
10 (phenylmethyl) propyl] -2 -[ (2-quinolinylcarbonyl) amino- 

butanediamide (1.08 g, 1.91 mmol) (prepared as in Exanple 
31) in 7 mL of anhydrous DMF was treated with pyrrolidine 
carbamoyl chloride {260 mg, 1.95 mmol), 

4-dimethylaminopyridine (15 mg) , and N-methylmorpholine (380 
15 mg, 3.76 mmol) . The solution was stirred at room 

teirperature for 3h and then concentrated in vacuo to give a 
semi-solid that was dissolved in methanol /v;j: • •::r ca. 2:1. A 
solid formed from this solid that was isolated by filtration 
on a Buchner funnel and washed with water, 5% aq. citric 
20 acid and water and air dried to give 130 mg of pure product, 
TLC on Si02 eluting with 7% methanol in ethyl acetate showed 
one spot with Rf=0.64, 11%. 



WO 93/23368 



PCr/US93/04806 



83 



c) Butanediamide, n1 [3- [ [ (4 -fluorophenyl) methyl) ] (4■ 
morpholinylcarbonyl ) amino] -2-hydroxy- l- 
(phenylmethyl ) propyl ] -2- [ (2- 

quinolinylcarbonyl ) amino] - [ IS [ IR* (R* ) , 2S* ] ] - 




\ 



CONH 




To a stirring solution of [IS- [IR* {R* ) , 2S* ] ] -n1- 
[3- [ [ (4-f luorophenyl) methyl) amino] -2 -hydrojc/-!- 

10 (phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) amino- 

butanediamide (520 mg, 0.922 mmol), triethylamine (172 mg, 
1.70 mmol), 4-dimethylaminopyridine (50 mg) , and morpholino 
carbamoyl chloride (157.3 mg, 1.05 mmol) in 5 mL of 
chloroform. The initially heterogeneous mixture was heated 

15 to reflux for 6 h. The solution was then diluted with 

additional chloroform, poured into a separator^ funnel and 
washed with IN KHSO4, sat. aq. NaHC03, dried over .-^.nhyd. 
MgS04, filtered, and concentrated in vacuo to giv-: a white 
solid that was purified by columri chromatography on Si02 

20 eluting with ethanol/ethyl acetate to give 380 mg, 61%, of 
. pure product. 



7 
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Pxairmle 21 

This exairple illustrates preparation of coinpounds 
wherein r4 and r5 are both other than H. 

Butanediamide, n1 [3- [ [ (diethylamino) carbonyl ] ( 3 - 
methylbutyl)amino3-2- hydroxy-1- (phenylmethyl ) - 
propyl] -2- [(2-quinolinylcarbonyl) amino]- [IS- 
tlR* (R*) ,2S*] ] - 




CONH, 



TO a stirring solution of [IS- [IR* (R* ) , 2S*] ] -n1- 
[3- (methylbutyl) amino] -2-hydroxy-l- (phenylmethyl) propyl] -2- 
15 [ {2-quinolinylcarbonyl) amino-butane diamide] (119 mg, 0.21 
mmol) triethylamine (59 mg, 0.58iTmol), 4-dimethylamino- 
pyridine (9 mg) , and diethyl carbaitoyl chloride (157.3 mc, 
1.05 mmol) in 4 mL of chloroform. The mixtu:. v.-as Icept az 
room tenperature for 26 h. The solution was uhen diluted 

20 with additional chloroform, poured into a separatory funnel 
and washed with IN KHSO4, sat. aq. NaHC03, dried over anhyd. 
MgS04, filtered, and concentrated in vacuo to give a white 
solid that was purified by column chrotiBtography on Si02 
eluting with methanol/CH2Cl2 to give 20 mg, 15%, of pure 

25 product . 
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Example 22 



Following the procedures set forth in Examples 20 
and 21, the conpomds listed in Table 11 were prepared. 

5 

TABLE 11 




15 



-CH2CH(CH3)2 
-CH2Cri(CH3)2 
-Cri2CH(CH3)2 



20 



-CH2CH2CH(CH3)2 
-CH2CH2CH(CH3)2 



-CH2CH2CH(CH3)2 



-N(CH3)2 

-N(CK2CH3)2 

-N(CH(CH3)2)2 



-N(CH3)2 
-N(CH2CH3)2 



-N{CH3)2 
-N(CH2CH3)2 
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This example illustrates preparation of corrpounds 
of Formula II wherein r1 is an alkyl group other than an 
alkyl group of a naturally occurring amino acid side chain. 
In particular bX is a t-butyl group. 

Part A: 

3-[ [ (l,l-dimethylethyl}amino]carbonyl] (3- 
methylbutyl)amino-2 (R) -hydroxy-1 (S) - [N- 

(benzyloxycarbonyl) (phenylmetbyl 0 propyl amine] (4.7 gm, 9.7 
mmol) was combined with 10% Pd on carbon (200 mg) and cone. 
HCl (3 mL) in ethanol (35 mL) and hydrogenated at 50 psi of 
hydrogen for 2.5 h. The reaction mi.xture was filtered 
through diatomaceous earth and concentrated on a rotary- 
evaporator to a yellow hygroscopic solid; 3.7 gm, 100%. 

Part B: 

Butaneamide. 2- f fp henvlmethvloxvcarbonvl ) amino 1 -N- [3- 

r f r {1. l-dimethvlethvDaminoTcarbonvll (3-methvlbutvl ) air^ino I ' 



2-hvdrox\^-l- (phenvlmethvl) o ropvl-3 . 3-dimethvl-J 
20 flR* fP/} ,25*11- 



10 



15 



20 



N-Cbz-L- tert -leucine (172 mg, 0.65 ~ol) and N- 
hydroxybenzotriazole (100 mg, 0.65 mmol) in DMT ;3 mL) was 
cooled to 0°C and EDC (115 mg, 0.60 mmol) added. After 45 

25 min the. amine from Part A (193 mg, 0.50 mmol) and N- 
methylmorpholine (60 uL, 0.55 mmol) were added. The 
reaction was stirred at ambient temperature for 18 h and 
poured into a solution of 50% saturated NaHC03 (25 mL) . The 
solid was collected by suction filtration, washed v;ith v;ater 

30 and dried in-vacuo. The solid was chromatographed on Si02 
using 2% MeOH in CH2CI2 . The appropriate fractions were 
pooled and concentrated to afford a white solid; 220 mg, 
^3H+ 597, TLC (Si02 2%MeOH/CH2Cl2^ Rf = -2 . CrIN req-aires : 
C, 68.42, H, 8.78, N, 9.39; found: C, 68.03, H, 8.83, 

35 9.33. 



25: 



30 



35 
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30 



Part C: 

gutaneamide. ?-^m ino-N- r?-f r f n . i- 

d i m^rhvl pr.hv.1 ) aTninol CflrbnnvT 1 f ^ -mprhvl hnhYl ) Ami nn] -p- 
2S*1- 

The product from Part B (570 mg, 0.95 itmol) and 4% 
Pd on carbon (150 mg) in ethanol (30 mL) was hydrogenated at 
5 psi for 2.75 h. The reaction mixture was filtered through 
diatomaceous earth and concentrated on a rota:^ evaporator' 
to an oil; 438 mg, 100%. 



Part- n- 

dunethvl prhvl ) mi nn] carbonvl 1 n-m^t^i hn^Y^ ) f ^ Tpj n -] - ? - 
hYdro?^-1-(rhPiy1mpr-rT-nnrnnvn-7 ^-j impMn/i- fT , c;-nPMP>) 
is* , 

The product from Part C (206 mg, 0.41 irmol) and N- 
methyimorpholine (45 uL, 0.41 mmol) were dissolved in CH2CI2 
(2.5 -L) and cooled to 0 C. Acetic anhydride (39 uL, 0 41 

20 mmo. -.s then added and the reaction stirred 30 min at 0 C, 
the:. .owed to warm to ambient tenperature and stir for ^o' 
min. The solvent was removed on a rotary evaporator and th» 
residue dissolved in ethanol (2 rrL) . The ethanolic solution 
was slowly poured into 50 % saturated NaHCOs '-^ iri) and 

25 stirred vigc, usly. The solid was collected bv suction 

filtration ar.u washed with water, 5% citric acid, and aaain 
with water; 157 n,g, 75%. CHN / I.5 H2O requires: C 63.24, H 
9.57, N, 10.54; found: 



C, 63.40, H, 9.41, N, 10.39. 



2-hydroxY-1-frhPnvlTnpthv] )Pron^^^ i -3 . ^-r^^T.^^hy^ - [1 0, ^]^.- ^r '!, 

35 2S^n- 

To 5 solution of lI,M-dimethylaminoacetic acid (62 mg, 0.6 
mmol) and M-hydroxybensotriazole (87 mg, 0.57 imol) in 2 mL 
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of DMF at 0" C was added EDC (109 mg, 0.57 mmol) . The 
reaction mixture was stirred for 1 hour and then (2R, 3S)- 
2 fL- tert -butvlglvcinyl) amido-l-isoarryl 1 

butylcarboamoyl) ainino-4-phenyl-2-butanol (231 mg, 0.5 mmol) 
5 was added. The reaction was stirred at room teinperature for 
16 hours and then concentrated in vacuo. The residue was 
chroma tographed on silica (50 gm) using 5% ethanol in 
dichloromethane. The butaneamide, 2-((2,2- 
dimethylaminoacetyl) amino] -N- [3- [ [ [ (1, 1- 
10 dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -3 , 3 -dimethyl- , [IS- 
[IR* (R*) ) ,2S*]]- was obtained as a white solid Anal. Calc'd 
for C30H53N5O4.O.3 H20:C,65.13;H, 9.77; N. 12.66. Found: C, 
65.10;. H, 9.79; N, 12.52. 



15 



20 



Rvamnlfi 23B 

The coirpound of Exanple 23A, Part D2, was prepared by an 
alternate method as described below. 



To a solution of . butaneamide, 2-amino-N- [3- [ [ [ ( 1 , 1- 
dimethylethyl) amino] -carbonyl] (3-methylbutyl ) -amino] -2- 
hydroxy-1- (phenylmethy 1) propyl 1-3, 3 -dimethyl-, [1S-[.1R* (R*), 
2S*]- (694 mg, 1.5 rmoD .and N-methyimorphol:,r-. (175 uL, 1.6 

25 mmol) in 5 mL of dichlorometliane was added brc roacetyl 
chloride (132 uL, 1.6 mmol). After 20 minutes at room 
terrperature the solvent was removed on a rotary evaporator 
and the residue chromatographed on silica (50 gm) using 2% 
methanol in dichloromethane. The product was obtained as a 

30 white solid Anal. Calc'd for C28H47N404Br .H2O: C. 55.90; H, 
8.21; N, 9.31. Found: C, 55.67; H. 7.90; N, 9.08. 

To a solution of butaneamide, 2- [ (2-brcmoacetyl) amino] -N- [3- 
[ [ [ (1,1-dimethyiethyl) amino] carbonyl] (3-methylbutyl)am:.no] - 
35 2-hydroxy-l- (phenylmethyl) propyl] -3 , 3-dimethyl- , [ IS- [IR* (R* ) 
2S*]]- (582 mg, 1.0 mmol) and N.M-ciiisopropylethylamine 
(260 mL2, 1.5 nmol) in 10 mL of dichloromethane was added 
lNl,N-dixnethylamine h/drochlcride (122 mg 1.5 mmol). The 
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10 



reaction was stirred at room temperature for 16 hours, then 
concentrated on a rotary evaporal *r. The. residue was 
chroma tog raphed on silica {50 gm) \ng 2.5% methanol in 
dichloromethane. The butaneamide, 1"[(2,2- 
dimethylaminoacetyl) amino] -N- [3- [ [ [ (1,1- 
dimethylethyl) amino] -carbonyl] (3-methylbutyl)amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -3, 3 -dimethyl-, [IS- [IR* (R*) 
2S*]]- was obtained as a white solid Anal Calc'd for 
C30H53N5O4.O.22 CK2CI2: C, 64.00; H, 9.50; N, 12.35. Found: 
63.97; H, 9.51; N, 12.24. 



15 



Butaneamide, 2-amino-N- [3- [ [ [ (1, 1-dimethylethyl ) amino] - 
carbonyl] (3-methylbutyl) amino] -2-hydroxy-l- 
(phenylmethyl)propyl] -3, 3 -dimethyl-, [IS- [IR* {R* ) , 2S*]- 
was also capped, generally utilizing the procedures shown in 
Exairples 23A and 233, with the acyl groups showri in Table 
12. 
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TABLE 12 



Acyl Group (R) 



benzyl o>?y^carbonyl 
iisrt-butoxycarbonyl 

acetyl 

2 - quinoy Icarbony 1 
10 phenoxyacetyl 

benzoyl 

methyloxalqyl 

pivaloyl 

trifluoracetyl 
15 bromoacetyl ' 

hydro>q/acetyl 

morpholinylacetyl 

N-benzylaminoacetyl 

N-phenylaminoacetyl 
20 N-benzyl-N-methylaminoacetyl 

N-methyl-N- {2-hydroxyethyl ) aminoacetyl 

N-methylcarbamoyl 

3 - methylbutyry 1 
N-isobutylcarbarnoyl 

25 succinoyl (3-carboxypropionyi ) 

carbamoyl 

N-isobutyl amino acetyl 

N,N-diethylamino acetyl 

N- ( 2 -me thoxye thy 1) aminoacetyl 

30 N- { S-a-methylbenzy 1 ) aminoacetyl 

N- (R-a-methylbenzyl) amino acetyl 
N- (S-2-tetralin) amino acetyl 
N-(R-2-teralin) amino acetyl 
N-pyrrolidinylacetyl 

35 N-methyl-N- {2-pyrid>'lGthyl) amino acetyl 

N-tetrahydroisoguinolylaminoacetyl 
N-p-methoxybenzylamino acetyl 
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^arrrole 24A 

The procedure described below illustrates 
preparation of conpounds of Formula III. 
5 Propanamide, N- [3- [ [ [ (1, l-dimethylethyDamino] carbonyl] (3- 
methylbutyl ) amino] -2-hydroxy-l- (phenylmethyl)propyl] -2- 
methyl-3-(2-phenylethylsulfonyl)-, [1S-[1RMR*) .23*]] and 
its diastereomer. 

10 Part A : 

A solution of methyl methacrylate (7.25 g, 72.5 
mrol) and phenethyl mercaptan (10.0 g, 72.5 mmol) in 100 inL 
of methanol was cooled in an ice bath and treated with 
sodium methoxide (100 mg, 1.85 mmol) . The solution was 
15 stirred under nitrogen for 3 h and then concentrated in 

vacuo to give an oil that was taken up in ether and washed 
with 1 N aqueous potassium hydrogen sulfate, saturated 
aqueous sodium chloride, dried over anhydrous magnesium, 
sulfate, filtered and concentrated to give 16.83 g, 97.5% 
20 of methyl 2- (R, 5) -methyl-4-thia-6-phenyl hexanoate as an 
oil. TLC on Si02 eluting with 20:1 hexane: ethyl acetate 
(v:v) Rf=0.41. 

Part B: 

25 A solution of methyl 2- (R, S) -methyl-4- 1. 

phenyl hexanoate (4.00 g, 16.8 mrol) in 100 mL of 
dichloromethane was stirred at room temperature and treated 
portion wise with msli^-chloroperoxybenzoic acid (7.38 g, 
39.2 mmol) over approximately 40 m. The solution was 
30 stirred at room tenperature for 16 h and then filtered and 
the fi Iterate washed with saturated aqueous sodium 
bicarbonate, IN sodium hydroxide, saturated aqueous sodium 
- chloride, dried over anhydrous magnesium sulfate, filtered, 

and concentrated to give 4.50 g, 99% of desired sulfcne. 
35 The unpurified sulfone was dissolved in 100 mli cf 

tetrahydrofuran and treated with a solution of lithium 
hydroxide (1.04 g, 24.5 mmol) in 40 mL of water. The 
solution was stirred at room temperature for 2 m and then 
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concentrated in vacuo. The residue was then acidified with 
IN aqueous potassium hydrogen sulfate to pH=l and then 
extracted three times with ethyl acetate. The combined 
ethyl acetate solution was washed with saturated aqueous 
5 sodiun\ chloride, dried over anhydrous magnesium sulfate, 

filtered and concentrated to give a white solid. The solid 
was taken up in boiling ethyl acetate/hexane and allowed to 
stand undisturbed whereupon white needles formed that were 
isolated by filtration and air dried to give 3.38 g, 79% of 
10 2- (R, S) -methyl-3 (£-phenethylsulfonyl) -propionic acid, irp 
91-93^C. . 

Part C: 

A solution of 2- (R, S) -methyl-3 (IS- 
IS phenethylsulfonyl) -propionic acid (166.1 mg, 0.65 mmol) , U- 
hydroxybenzotriazole (HOBT) (146.9 mg, 0.97mrrol), and 1- 
(3-dimethylaminoprop^k''l) -3-ethylcarbodiimide hr^drochloride 
(EDC) (145.8 mg, 0.75 mmol) in 4 mL of anhydrous 
dimethyl formamide (DMF) cooled to 0°C and stirred under 
20 nitrogen for 0.5 h. This solution was then treated with 3- 
[ [ (dimethylethyl) amino ]carbonyl] (3-methylbutyl)amino-2 (R)- 
hydroxy-KS) - (phenylmethyl) propyl amine (201.9 rcg, 0.59 
mmpl) and stirred at room temperature for 16 h. The 
solution was poured into 30 mL of 60% saturated acrueous 
25 sodium bicarbonate solution. The aqueous solutic./i was then 
decanted from the organic residue. The organic residue was 
taken up in dichl or ome thane and washed with 10% aqueous 
citric acid, brine, dried over anhydrous rrugnesium sulfate, 
filtered and concentrated to give IIC.C mg, 32% of (2R,3S)- 
30 3- [N-2- (R) -methyl-3- (S- phenethylsulfonyl ) propionyl] am?.do-l- 
isoamyl-l- (tfiiJi-butylcarbamoyl ) amino-4-phenyl-2-butanol and 
{2R, 3S) -3- [N-2- (S) -methyl-3- (fi- 

phenethylsulfonyl)propionyl]amido-l-isoaiTyl-l- ( tert - 
butylcarbamoyl)amino-4-phenyl-2-butanol, FAB mass spectrum 
35 (MH+) =588. Flash chromatography of the mixture on silica 
gel eluting with 1:1 hexane: ethyl acetate afforded the 
separated diastereomers . 



WO 



10 



15 



20 



30 



35 
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Propanamide, N- [3- [[[ (1, 1 -dime thy 1 ethyl) amino] carbon>-l] (3- 
methylbutyl) amino] -2-hydroxy-l- (phenylmethyl) propyl] -2- 
5 metl^l-3-(methylsulfonyl)- [IS- [IR* (R*) , 2S*]], and its 
diastereomer. 



Part A: 

A solution of methyl 2- (bromomethyl) -acrylate 
10 (26.4 g, 0.148 mol) in 100 mL of methanol was treated with 
sodium methanesulfinate (15.1 g, 0,148 mol) portion wise 
over 10 m at room temperatiire. The solution was then 
stirred at room tenperature for a period of 1.25 h and the 
solution concentrated in vacuo. The residue was then taken 
15 up in water and extracted four times with ethyl acetate. 
The combined ethyl acetate solution was washed with 
saturated sodium chloride, dried over anhydrous magnesium 
sulfate, filtered and concentrated to give a white solid, 
20.7 g which was taken up in boiling acetone/methyl tert: - 
20 butyl ether and allowed to stand whereupon crystals of pure 
methyl 2- (methylsulfonylmethyl) acrylate 18.0 g, 68% 
formed, np 65-68 0°C. 

25 A solution of methyl 2- (methylsulfonylmethyl: 

acrylate (970 mg, 5.44 mmol) in 15 mL of tetrahydrofuran 
was treated with a solution of lithium hydroxide (270 mg. 
6.4 mmol) in 7 mL of water. The solution was stirred at 
room temperacure for 5 m and then . acidified to pH=l with 1 

30 N aqueous potassium hydrogen sulfate and the solution 
extracted three times with ethyl acetate. The combined 
ethyl acetate solution was dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give 793 mg, 89% of 
2- (methylsulfonylmethyl) acrylic acid, \xp 147-149 O^^C. 



35 
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Pr^rt C: 

A r-olution of 2- (methylsulfonylmethyl) acrylic 
acid (700 mg, 4.26 ntnol) in 20 mL of methanol was charged 
into a Fisher-Porter bottle along with 10% palladium on 
5 carbon catalyst under a nitrogen atmosphere. Ttie reaction 
vessel was sealed and flushed five times with nitrogen and 
then five times with hydrogen. The pressure was maintained 
at 50 psig for 16 h and then the hydrogen was replaced with 
nitrogen and the solution filtered through a pad of celite 
10 to remove the catalyst aiid the filterate concentrated in 

vacuo to give 682 mg 96% of 2- (R, S) -methyl-3-methylsulf onyl 
propionic acid. 

Part D: 

15 A solution of 2- (R, S) -methyl-3 (methyl sulf onyl) 

propionic acid (263.5 mg, 1.585 mmol), M- 
. hydroxybenzotriazole (HOBT) (322.2 mg, 2.13 mmol), and 1- 
(3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride 
(EDC) (339.1 mg, 1.74 mmol) in 4 mL of anhydrous 

20 dimethyl formamide (DMF) cooled to 0°C and stirred under 

nitrogen for 0.5 h. This solution was then treated with 3- 
[ [ (1, l-dimethylethyl) amino] carbonyl].(3-methylbutyl)amino- 
2 (R) -hydroxy-KS) - (phenylmethyl) propyl amine (543.5 mg, 
1.58 mmol) and stirred at room teiiperature for 16 h. The 

25 solution was poured into 60 mL of 60% saturated aoueous 

sodium bicarbonate solution. Tl-ie aqueous solution was then 
decanted from che organic residue. The organic residue was 
taken up in dichloromethane and washed with 10% aqueous 
citric acid, brine, dried over anhydrous magnesium sulfate, 
30 filtered and concentrated to give 471.8 mg, 60% of 

Propanamide, N- [3- [ [ [ (1, 1-dimethylethyl) amino) carbonyl] (3- 
metlT/lbutyl) amino] -2 -hydroxy- 1- (phen^'lmethyl) propyl) -2- 
methyl-3-(methylsulfonyl)-, [IS- [IR* (R*) , 25*)]- and its 
diastereomer.. 
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Prfinaration of Sulfnnp Inhibitors From L- f -f ) -.q-anptvl-S- 
mercantoisobutvric Acid 

Part A: 

Propanamide, N- [3- [ [ [ (1, 1- 
dimethyl ethyl ) amino ) carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
hydroxy-1- (phenylmethyl ) propyl] -2 -methyl-3-S-acetyl) - [IS- 
[IR*) ,2S*]]-. 



A round-bottomed flask was charged with (2R, 3R)- 
3 -amino- 1- isoam/l - 1 - (l:,£ili-butylcarbamoyl ) amino-4 -phenyl - 2 - 
butanol (901.5 mg, 2.575 mmol) , L- (+) -S-acetyl-b- 
mercaptoisobutyric acid (164.5 mg, 2.575 mmol), l-(3- 

15 dimethylaminopropyl) -3-ethylcar]Dodiimide hydrochloride 
(EDC) (339,1 mg, 1.74 nmol) / and 10 mL of CH2CI2 and 
allowed to stir at room teirperature for 16 h. The solution 
was concentrated ixx vacuo and the residue taken- up in ethyl 
acetate, washed with IN KHSO4 sat. aq. NaHC03, brine, dried 

20 over anhydrous MgS04, filtered and concentrated to give an 
oil that was purified by radial chromatography on Si02 
eluting with ethyl acetate to give 'ihe pure product, 800 
mg, 63%. 

25 Part B : 

Propanamide, N- [3- [ [ [1,1-dimethylethyl) amino] - 
carlDonyl] (3 -methylbutyl) amino] -2-hydro>y-l- (phenylmethyl ) - 
propyl] -2 -methyl-3-mercapto)-, [1S-[1R*(R*) ,2S*j ]-. 

30 A solution of [IS- [IR* (R*) , 2S*] ] - N- [3- I [ [ (1, 1- 

dimethylethyl) amino] carbonyl) (3 -methylbutyl) amino] -2- 
hydro^-1- (phenylmethyl)propyl) -2-methyl-3-S-acetyl) - 
propanamide (420 mg, 0.85 mmol) in 10 mL of methanol was 
tx-eated with anhydrous ammonic. for ca. 1 m at 0°C. The 

35 solution was stirred at that teirperature for 16 h anc. then 
concentrated in vacuo to give 380 mg, 99%, of the desired 
product that was used directly in the next step without 
further purification. 
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Part C: 

Propanamide, N- [3- [ [ [ (1, 1-dimethylethyl ) amino] - 
carbonyl] O-methylbutyl) amino] -2-lTydroJo^-l- (phenyimethyl ) - 
propyl] -2-inethyl-3-S-methyl- , [IS- [IR* (R* ; , 2S* ] ] - . 

5 

A solution of [1S-[1R*(R*) ,2S*]]- N- [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl ] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyDpropyl] -2-metlT/l-3-mercapto) - 
propanamide (380 mg, 0.841 mmol) in 10 mL of dry toluene 

10 under nitrogen was treated in rapid succession with 1,8- 
diazabicyclo[5.4.0]undec-7-ene, (DBU) , (128.1 mg. 0.841 
mmol) and iodomethane (119.0 mg^ 0.841 mrrol) . After 0.5 h 
at room teirperature the reaction was found to be coirplete 
and the solution was diluted with ethyl acetate washed with 

35 IN KHSO4, sat. ag. NaHC03, brine. After the solution was 
dried over anhydrous MgS04, filtered and concentrated in 
■VacUQ the desired product was obtained as wliite foam was 
obtained, 370 mg, 94.5%, that was used directed in the next 
step. 

20 

£artJ: 

Propanamide, N- [3 - [ [ [ (1, 1- dimethyl ethyl) amino] - 
carbonyl] (3-methylbutyl) amino] -2-hydroxy-l- (phenyimethyl ) - 
propyl] -2-methyl- 3- (methylsuifonyl) - , [IS- [IR* 'R*) , 2S*] ] - . 

25 

A solution of [lS-[lR*(R*),2S*]]-N-[3-[[[(l,l- 
dimethyletb^'l ) amino) carbonyl ] { 3 -methylbutyl ) amino] -2 - 
hydro5Q^-l- (phenyimethyl ) propyl ] -2 -methyl-3 -S-methyl ) - 
propanamide (340 mg, 0.73 mmol) and sodium perbcrate (500 

30 mg, 3.25, rmol) in 30 mL of glacial acetic acid was warmed 
to 55**C for 16 h. The solution was conentrated in vacuo 
and then the residue taken up in ethyl acetate, washed with 
water, sat. aq. NaHC03, brine, dried over anliydrous MgS04, 
filtered and concentrated to give the desired product as a 

35 white solid, 350 mg, 96%. 
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f^amole 26 



The conpounds shown in Tables 13 A and 13 B were 
prepared generally according to the procedure set forth in 
5 Examples 24 and 25. 



TABLE 13 A 



ID 



O Me 




15 



20 



CH3- 

CH3CH2- 

CH3CH2CH2- 

PhCH2CH2- 

PhCH2- 

(CH3)2CH- 
HOCH2CH2- 



25 



o 

II 

C6H5CH20 - CCH2 



o 

II 

H2NCCH2- 



30. 



o- 



CH2=CH-CH2- 
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The coirpounds shown in Tables 13A and 13B were 
prepared generally according to the procedure set forth in 
5 Exanples 24 and 25. 

TABLE 13 A 



ID 



Me 




^ A jL ^ 1 



OH 




15 



20 



CH3- 

CH3CH2- 

CH3C:H2CEi2- 

PhCH2CH2- 

PhCH2- 

(CH3)2CH- 
HOCH2CH2- 



30 



o 

II 

C6H5CH2O-CCH2 
0 



H2NCCH2- 

o 

CH2=CH-CH2- ■ 
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20 Acid. 



To a solution of lOg of D- (-) -s-benzoyl-b- 
mercaptioisobutyric acid t-butyl ester in 20 mL of methanol 
was bubbled in gaseous ainnonia at 0°C. The rea-tion was 

25 allowed to then warm to room tenperature, stirred overnight 
and concentrated under reduced pressure. The resulting 
mixture of a solid (benzaxnide) and liquid was filtered to 
provide 5.21g of a pale oil which then solidified. This 
was identified as 2 (S) -metlr/l -3-inercaptopropionic aid t- 

30 butyl ester. 
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To a solution of 5.21g of 2 (S) -methyl -3- 
mercaptopropionic acid t-butyl ester in 75 mL of toluene at 
0°C was added 4.50g of l,8-diazabicyclo[5.40]undec-7-ene 
5 and 1.94 mL of methyl iodide. After stirring at room 
tenperature for 2.5 hours, the volatiles were removed, 
ethyl acetate added, washed with dilute hydrochloric acid, 
water, brine, dried and concentrated to afford 2.82g of a 
pale oil, identified as 2 (S) -methyl-3- (thiomethyl) propionic 
10 acid t-butyl ester. 

To a solution of 2.82g of 2 (S) -methyl- 3 - 
(thiomethyl) propionic acid t-butyl ester in 50 mL of acetic 
acid was added 5.58g of sodium perborate and the mixture 
15 heated to 55**C for 17 hours. The reaction was poured into 
water, extracted with methylene chloride, washed with 
aqueous sodium bicarbonate, dried and concentrated to 
afford 2.68g of 2 (S) -me thy 1-3- (me thy Isulfonyl ) propionic 
acid t-butyl ester as a white solid. 



20 



To 2.68g of 2 (S) -methyl-3- (methylsulfpnyl) - 
propionic acid t-butyl ester was added 20 mL of 4N 
hydrochloric acid/dioxane and the mixture stirred at room 
temperature for 19 hours. The solvent was removed under 
reduced pressure to afford 2.18g of crude product, wh:. 
was recrystallized from ethyl acetate/hexane to yield 1.44g 
of 2 (S) -methyl-3- (methylsulfonyl) propionic acid as white 
crystals . 
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This exairple illustrates preparation of 
corrpounds of Formula IV wherein t is 1 . 

5 

4 -N-benzyl i taconamide . 




10 A 500 mL three necked round bottomed flask 

equipped with a dropping funnel/ mechanical stirrer, 
nitrogen inlet and reflux condenser was charged with 
itaconic anhydride (33. 6g, 0.3 nol) and 150 mL of toluene. 
This solution was added a solution of benzylamine (32. Ig, 

15 0.3 nol) in 50 mL of toluene dropwise over 30 m at room 

tenperature. The solution was stirred at this teirperature 
an additional 3h and then the solid product isolated by 
filtration on a Buchner funnel. The crude product, 64. 6g 
98%, was recrystallized from 300 mL of isopropyl alcohol to 

20 give after two crops 52. Ig, 79% of pure product, up 149-150 
°C. 

2 (R) -Methyl 4-N-ben2yl succinamide. 



25 




A large Fisher-Porter bottle was charged with 
the acid from the above reaction (lC.95g, 0.05 mol) , 
rhodium (R,R)-DiPAMP (22C)n^, 0.291 mmol) and 125 ml^ of 
30 degassed methanol. The solution was then hydrogenated at 
40 psig for 16h at room tenperature. After the hydrcgen 
uptake ceased, the vessel was opened and the solution 
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concentrated In vacuo to give a yellow solid, ll.OSg, 100%. 
The product was then taken up in absolute ethanol and 
allowed to stand whereupon crystals of the desired product 
formed, 7.98g, 72%, mp 127-129 X [a]D @ 25 °C=+14.9° 
5 (0=1.332, EtOH), 1h nmr (CDCI3) 300MH2 7 . 30 (m, 5H) , 

6.80(brs, IH) , 4.41(d, J=5.8H2, 2H) , 2.94 (m, IH) , 2.62 (dd, 
J=8.1, 14.9Hz, IH), 2.33 (dd, J=5.5, 14.9K2, IH) , 1.23(d, 
J=7.2Hz, 3H) . 

10 4-N (4 -methoxybenzyl ) itaconamide . 

0 CH, 




A 500 mL three necked round bottomed flask 
equipped with a dropping funnel, mechanical stirrer, 
nitrogen inlet and reflux condenser was charged with 
itaconic anhydride (44. 8g, 0.4 mol) and 150 mL of toluene. 
This solution was added a solution of 4 -methoxybenzyl amine 
(54. 8g, 0.4 mol) in 50 mL of toluene dropwise over 30 m at 
room terrperature. The solution was stirred at this 
terrperature an additional 2h'and then the solid "roduct 
isolated by filtration on a Buchner funnel. The crude 
product was recrystallized from ethyl acetate/ethanol to 
give after two crops 64. 8g, 65% of pure product, mp 132-134 
°C, 1h nmr (CDCl3)-.300MHz 7.09(d, J=9.1Hz, 2H) , 6.90(brt, 
J=5.9Hz, IH), 6.74(d, J=9.1H2, 2H) , 6.22(s, IH) , 5.69(s, 
IH), 4.24(d, J=5.9Hz, 2H) , 3.69(s, 3H) , 3.15(s, 2K) . 13c 
nmr (CDCI3) 170.52, 169.29, 159.24, 135.61, 131.08, 129.37, 
128.97, 114.36, 55.72, 43.37, 40.58. 
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2 (R) -Methyl 4 -N ( 4-methoxybenzyl ) succinamide. 




O CH- 



CH3O 




N 



5 



A large Fisher- Porter bottle was 



charged with the acid from the above reaction (5.00 g, 0.02 
mol), rhodiim\ (R,R)-DiPAMP (110 mg, ,0.146 inmol) and 50 mL 
of degassed methanol. The starting acid was not corrpletely 
soluble initially, but as the reaction progressed the 

10 solution became homogeneous. Ihe solution was then 

hydrogenated at 40 psig for 16h at room terrperature. After 
the hydrogen uptake ceased, the vessel was opened and the 
solution concentrated In vacuo to give a yellow solid. The 
crude product was then taken up in ethyl acetate and washed 

15 three times with sat. aq. NaHC03 solution. The combined 
aqueous extracts were acidified to pH=l with 3 N KCl and 
then extracted three times with ethyl acetate. The 
combined ethyl acetate extracts were washed with brine, 
dried over anhyd. MgS04, filtered and concentrated to give 

20 the expected product as a white solid, 4.81g, 95%. This 
material was recrystallized from a mixture o^' methyl ethyl 
ketone/hexane to give 3.80g, 75% of pure pro.. .'Ct, [a]D @ 25 
°C=+11.6° (c=1.572, MeOH) . 1h nmr (CDCI3) 30OMH2 11.9{brs, 
IH), 7.18(d, J=9.2H2, 2H) , 6.82 (d, J=9.2Hz, 2H) , 6.68(brt, 



25 J=5.6H2, IH), 4.33 (d, J=5.6H2, 2H) , 3.77 (s, 3H) , 2.92 (ddq, 
J=7.9, 5.4, 7.3Hz, IH) , 2.60(dd, J=5.4, 15.0H2, IH) , 
2.30(dd, J=7.9, IS.OHz, lH),1.22{d, J=7.3Hz, 3H) . 
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Butanediamide, N» - [3- [ [ [ (1, 1 - dime thyle thy 1 ) amino] - 

carbonyl] ( 3 -methylbutyl) amino] -2 -hydroxy- 1- 

( phenylmethyl ) propyl ] -N- 4 -me thoxyphenylme thy 1 - 2 - 




A 50 mL round bottomed flask was charged vdth 
2(R)-inethyl 4-N (4-methoxybenzyl ) succinamide (588 mg, 2.35 

ID irmrol), N-hydroxybenzotriazole (511 mg, 3.34 nmol) and 6 rnL 
of EMF. The solution was cooled to 0° C and treated with 
1- (3-diinethylaminopropyl) -3-ethylcarbodiimide hydrochloride 
(502 mg, 2.62 nmol) for 20 m. A solution of {2R,3S)-3- 
amino-l- (3-methylbutyl) -1- [(1,1- 

15 dimethylethyl) amino] carbonyl )-4-phenyl"2-butanol (782 mg, 
2.24 mmol) in 2 mL of DMF was added and the. solution 
stirred at room temperature for a period of 24 h. The 
solution was concentrated in vacuo and poured into '"0 mL of 
50% sat. aq. NaHC03, the aqueous phase was extractc: ,i with 

20 CH2CI2. The organic phase was washed with 5% citric acid, 
NaHC03, brine, dried over anhyd. MgS04, filtered and 
concentrated to give an oil. that was purified ty radial 
chromatography on Si02 eluting with hexane/ethyi acetate to 
give 790 mg, 59% of pure product as a white foam. 



25 
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Butanediamide, N' - [3- [ [ [ (1, 1-dimethylethyl) am; 
carbonyl ] ( 3 -me thylbu tyl ) amino ] - 2 -hydroxy- 1 - 
(phenylmethyl) propyl] -N-phenylmethyl -2 -methyl , 
[1R*(2R*),2S*]]- 




A 50 mL round bottomed flask was charged with 
2(R)-methyl 4-N-(benzyl) succinanude (243 mg, 1.1 rrmol) , N- 

10 hydroxybenzotriazole (213 mg, 1.39 itmol) and 3 inL of EMF. 
The solution was. cooled to 0*" C and treated with l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide Ir^drochloride (228 
■mg, 1.17 iTtnol) for 20 m. A solution of (2R,3S) -Z-amino-l- 
(3-meth^lbutyl) -1- ( (1 , l-dimethylethyl) amino] carbonyl) -4- 

15 phenyl- 2 -butanol (327 mg, 0.95 mmol) in 2 inL of DMF was 
added and the solution stirred at room terrperature for a 
period of 24 h. The solution was concentrated in vacuo and 
poured into 50 mL of 50% sat. aq. NaHC03, the .----ous phase 
was extracted with CH2CI2. Ihe organic phase wa:.: washed 

20 with 5% citric acid, NaHC03, brine, dried over anhyd. 

MgS04, filtered and concentrated to give an oil that was 
purified by flash chromatcgrapliy on Si02 eluting with 
hexane/ethyl acetate to give 370 mg, 70% of pure product as 
a white foam. 



25 
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ExaiTTDle 29 

Following the procedure generally as set forth 
in Exaitple 28, as well as in Exaiiples 31-45, the coirpounds 
5 shown in Table 14 were prepared. 

TABLE 14 



ID 




Rl r30 r31 r32 X' r33 r34 
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. TABIjE 14 (Cont'd.) 

Rl r30 r31 r32 X' r33 r34 
5 ^ 

CH3 CHs H H N , H H 

CH3 CH3 H H 0 H 

CH3 CH3 H H 0 CH2C6H4OCH3 



H H 

H H 

H. H 

15 CH3 H 

CH3 H 

CH3 H 

CH3 H 

CH3 H 

20 OH H 

OH H 

H H 

H H 

25 . CH2 H 

CH2C(0)NH2 H 

CH2C(0)NH2 H 

30 

CH2C(0)NH2 H. 



CH2fll H 

• • CH3 •. H 

35 . CH3 H 

CH3 . H 

CH3 H 



CH3 013 N 
CH3 CH3 0 
CH3 CH3 0 



H H N 



H H.N 

CH3 CH3 N 

CH3 CH3 0 

CH3 CH3 N 

CH3 CH3 N 



H H 
H 

CH2C6H4OCH3 

H 

c:h3 

CH3 

-CH2C6H5OCH3 
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H H 
H 
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H H 
H 

H CH3 

CH3 CH3 
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ExainnlP "^n 

Follovyring the procedure generally as set forth 
5 in Exainple 28, as well as Exarrples 31-45, the compounds 
shown in Table 15 were prepared. 



10 



TABLE 15 



9\ 



NH 



15 





0 I 

x....k- 
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Exainple 31 

10 

Preparation of 3 (S) - FN- (2-CRiinolinvlcarbonvl) -I.- 
asparaainvllainino-2 (R) -hydroxv-4-phenv lbutvlamine, l^-{3- 

metliylbutyl) . 

15 Part A : 

Preparation of N-3 (S) - (Benzyloxycarbonyl) - 
aiTdno-2 (R) -hydroxy- 4-phenylbutylamine, N- (3-methylbutyl) . 
A solution of 20g (67 irniol) of N-benzyloxycarbcnyl-3 (S) - 
ainino-1,2- (S) -epoxy-4-phenylbutane in 140 mL of; .^opropyl 
20 alcohol was treated with 83g {952 mnol) of isoairrylamine and 
refluxed for one hour. The solution was cooled, 
concentrated, hexane added and the resulting solid filtered 
to afford 22. 4g of the desired product. 

25 £ailL^: 

Preparation of N-3 (S) - (Benzyloxycarbonyl) - 
amino-2 (R) -hydroxy-4-phenylbutylamine, N- (3-methylhutyl) -N- 
(t-butyloxycarbonyl) . To a solution of 22. 4g (58.3 imril) 
of product from Part A above, 6.48g (64.1 rnmol) of 
X triethylamine and 150 mg of N,N-diinethyl-4-aininopyridine in 
200 mL of tetrahydrofuran at 0°C was added 12. 7g (58.3 
mmol) of di-t-butylpyrccarbonate in 10 mL of THF. After 
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J i 

^ i 



3.5 hours at room tenperature, the volatiles were removed, 
ethyl acetate added and washed with 5% citric acid, sat'd 
NaHC03, dried and concentrated to afford 30g of crude 
product. Chromatography on silica gel using 20% ethyl 
5 acetate /hexane afforded 22. 5g (79%) of the desired product. 



Part C: 

Preparation of N-3 (S) - [N-benzyloxycarbonyl-L- 
asparaginyl] amino-2 (R) -hydroxy- 4 -phenylbutylamine, N- (3- 

ID methylbutyl)-N-(t-butyloxycarbonyl) . A solution of 22. 5g 
of product from Part B above in 200 mL of ethanol was 
hydrogenated over 5,9g of 10% palladium-on-carbon under 50 
psig hydrogen for one hour. The catalyst was filtered and 
the solvent removed under reduced pressureto afford 15. 7g 

15 of free amine. This was dissolved in 130 mL of DMF and 
4.54g (44.9 nrol) of N-methylmorpholine an added to a 
mixture of 13. 3g (4S.9 mmol) N-benzyloxy-carbonyl-L- 
asparagine, 11. 5g (74.9 mmol) of N-hydroxybenzotriazole and 
10. 5g (54.9 imol) of EDCl in 120 mL of DMF at 0°C, which 

20 had been preactivated for one hour prior to the addition. 
The mixture was stirred for 2 hours at O^^C and then for 12 
hours at room tenperature. The reaction was poured into IL 
of sat'd aqueous sodium bicarbonate, the solid collected, 
dissolved in ethyl acetate, washed with water. :=-^".r, 'd sodium 

25 bicarbonate, 5% citric acid and brine, dried anc 

concentrated to afford 16. 7g of the desired product. 



i 



-3.: 



Part P: 

Preparation of N-3 (S) - [N- (2-quinolinylcarbonyl) - 
30 L-a.cparaginyl] 3mino-2 (R) -hydroxy-4-phenyibutylamine, N- (3- 
methylbutyl)-N- (t-butyloxycarbonyl) . A solution of 16. 7g 
(28.0 mrrol) of product from Part C in 250 ml. of methanol 
was hydrogenated over 6.0g of 10% palladium-on- carbon and 
under 50 psig hydrogen for one hour. The catalyst was 
35 filtered and the solution concentrated to afford 10. Og of 
free aioine. This was dissolved in 100 mL of methylene 
ch].oride, 4.35g (43 mnol) of N-methyl-TOrphcline was added 
followed by 5.53g (20.5 mrnol) of quinoline-2-carboxylic 
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ID 



15 



20 



acid, N-hyciroxysuccinimide ester. This was stirred at room 
temperature overnight, the solvent removed, ethyl acetate 
added and washed with 5% citric acid, sat'd sodium 
bicarbonate, brine, dried and concentrated to afford 14g of 
crude product. Recrystailization from ethyl acetate and 
hexane afforded 10. 5g (83%) of desired product. 

Part E: 

Preparation of N-3 (S) - [N- (2-quinolinyl- 
carbonyl) -L-asparaginyi]aiTdno-2 (R) -hydroxy-4- 
phenylbutylamine, N- {3-methylbutyl) . To 80 mL of 4N 
hydrochloric acid in dioxane was added 9.17g (14.8 mmol) of 
product from Part D above. After one hour, the product 
becomes gxjmrry. The solvents were removed, diethyl ether 
added and removed and the residue dissolved in 20 mL of 
methanol. This solution was added to 400 mL of sat'd 
aqueous sodium bicarbonate, the solids collected, washed 
with acetone and hexane and dried in vacuo over P2O5 to 
afford 4.75g of the desired product. 

Example 32A 



ID 



15 



20' 



a 25 



30 



^ 35 




O CH3 

Preparati on of Benzvl 2 . 2 . 3 (R) -trimethvlsuccinate 
Part A: 

Preparation of Methyl (S) -lactate, 2-methoxy-2- 
propyl ether. To a mixture of methyllts)- 
(-) -lactate (13. 2g, 100 mmol) and, 2-metho>c^ropene (21. 6g, 
300 imol) in CH2CI2 (150 ml) was added POCI3 (7 drops) at 
r.t. and the resulting mixture was stirred at this 
temperature for 16 hours. After the addition of Et3N (10 
drops), the solvents were removed in vacuo to give 20. Og of 
(98%) desired product. 



25 



30 



3E 
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Part P: 

Preparation of 2 (S) -hydroxypropanal, 2-inethoxy- 
2-propyl ether. To a solution of coirpound from Part A 
(20. Og) in CH2CI2 (100 nd) was added DIBAI. (65 ml of 1.5M 
5 solution in toluene, 97.5 mmol) dropwise at -78°C for 45 
min., then stirring was continued at the terrperature for 
another 45 min. To this cold solution was added HeOH (20 
ml), saturated NaCl solution (10 ml) and allowed the 
reaction mixture to warm up to r.t. and diluted with ether 
10 (200 ml), MgS04 (150g) was added and stirred for another 2 
h. The mixture was filtered and the solid was washed twice 
with ether. The combined filtrates were rotavaped to 
afford 11. 2g (78%) of the desired aldehyde. 

]5 Part C: 

Preparation of 2 (S) -hydroxy-cis-3-butene, 2- 
methoxy-2 -propyl ether. To a suspension of 
ethyltriphenylphosphonium bromide (28g, 75.5 mmol) in TKF 
(125 ml) was added KN (TOS)2 (15. 7g, 95%, 75 mmol) in 

20 portions at 0°C and stirred for 1 h at the teirperature. 

This red reaction mixture was cooled to -78°C and to this 
was added a solution of aldehyde from Part B dig, 75 mmol) 
in THF (25 ml). After the addition was corrpleted, the 
resulting reaction mixture was allowed to warm up '^n r.t. 

25 and stirred for 16 h. To this mixture was added sc ..urated 
NH4CI (7.5 ml) and filtered through a pad of celite with a 
thin layer of silica gel on the top. The solid was washed 
twice with ether. The combined filtrates were concentrated 
in vacuo to afford 11. 5g of crude product. The 

30 purification of crude product by flash chroiretography 

(silica gel, 10:1 Hexanes/EtoAc) affording 8.2g (69%) pure 
alkene . 

Part P: 

35 Preparation of 2 (S) -h>'droxy-cis-3-butene. A 

mixture of alkene from Part C (8'.2g) and 30% aqueous acetic 
acid (25 ml) was stirred at r.t. for 1 hour. To this 
mixture was added Na:^C03 slowly to the pH - 7, then 
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extracted with ether (10 ml x 5) . The combined ether 
solutions were dried (Na2S04) and filtered. The filtrate 
was distilled to remove the ether to give 2.85g (64%) pure 
alcohol, m/e=:87 (M+H) . 
5 ■ 
Part E: 

Preparation of 2,2,3-trimethyl-hex- (trans) -4- 
enoic acid. To a mixture of alcohol from Part D (2.5g, 29 
mmol) and pyridine (2.5 ml) in CH2CI2 (60 ml) was added 

10 isobutyryl chloride (3.1g, 29 mmol) slowly at 0°C. The 
resulting mixture was stirred at r.t. for 2 hours then 
washed with H2O (30 ml x 2) and sat. NaCl (25 mi) . The 
combined organic phases were dried (Na2S04), concentrated 
to afford 4. 2g (93%) ester. 2 (S) -hydroxy-cis-3-butenyl 

15 isobutyrate. This ester was dissolved in THF (10 ml) and 
was added to a l.OM LDA soln. (13.5 ml of 2.0M LDA solution 
• in THF and 13.5 ml of IHF) slowly at -78°C. The resulting 
mixture was allowed to warm up to r.t. and stirred for 2 h 
and diluted with 5% NaOH (40 ml) . The organic phase was 

20 separated, the aqueous phase was washed with Et20 (10 ml) . 
The aqueous solution was collected and acidified with 6N 
HCl to pH - 3. The mixture was extracted with ether (30 iTd 
X 3) . The combined ether layers were washed with sat. NaCl 
(25 ml), dried (Na2S04) and concentrate:^ to afford 2.5g 

25 (60%) of desired acid, m/e=157 (M+H) . 

Part F: 

Preparation of benzyl 2,2,3 (S ) -trime thy 1- trans - 
4-hexenoate.A mixture of acid from Part E (2.5g, 16 mmol), 

30 BnBr (2.7g, 15.8 nmol), K2CO3 (2.2g, ISirmoi), Nal f2.4g) 
in acetone (20 ml) was heated at 75°C (oil bath) fcr 16 h. 
The acetone was stripped off and the residue was dissolved 
in H23 (25 ml) and ether (35 ml) . The ether layer was 
separated, di'ied (Na2S04) and concentrated to afford 3.7g 

35 (95%) of benz^^'l ester, m/e=247 (M+H) . 
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Part G: 

Preparation of benzyl 2,2,3(R)- 
trimethylsuccinate. To a well-stirred ndxture of KI^04 
(5.4g, 34, 2 rrmDl), H2O (34 ml), CH2CI2 (6 ml) and 
5 • benzyl trie thy lammonium chloride (200 mg) was added a 

solution of ester from Part F (2.1g, 8.54 mmol) and acetic 
acid (6 ml) in CH2CI2 (28 ml) slowly at 0°C. The resulting 
mixture was stirred at the temperature for 2 h then r.t. 
for 16 h. The mixture was cooled in an ice-water bath, to 

1^ this was added 6N HCl (3 ml) and solid NaHSOB in portions 
until the red color disappeared. The clear solution was 
extracted with CH2CI2 (30 ml x 3) . The combined extracts 
were washed with sat. NaCl solution, dried {Na2S04) and 
concentrated to give an oil. This oil was dissolved in 

15 Et20 (50 ml) and to this was added sat. NaHC03 (50 ml). 

The aqueous layer was separated and acidified with 6N HCl 
to pH - 3 then extracted with Et20 (30 ml x 3). The 
combined extracts were washed with sat. NaCl solution (15 
ml), dried (Na2S04) and concentrated to afford 725 mg (34%) 

20 of desired acid, benzyl 2, 2,3 (R) -trimethylsuccinate, 
m/e=251 (M+H) . 



Part A: 

25 Preparation of Rnranediam_idP. Ki lr3- f r r fi . i - 

dimethvlf^r.hvl ) amino! carhonvn c^-TBof hvibntvnRmnoi 

hvdrpyy-] - frh^nvlmethvl )nrQnv] 1 . -^t . 3-trimf^hhvl. ri.q- . 

fiRM25*K:^.q*n- 

30 To a well-stirred solution of benzyl 2,2,3(R)- 

trimethylsuccinate (225 mg, 0.9 mmol) in DMF (1.0 ml) was 
added HOBt (230 mg, 1.5 nrnol) . The clear reaction mixture 
was then cooled to 0°C, to this was added EDC (210 nig, 1.1 
mmol) and stirred for 1 h at the tenperature. To this cold 

35 mixture was added a powder of (350 mg, 1.0 mmol) and DMF 
(0.5 ml) . ^.rhe resulting reaction mixture was stirred for 2 
h at 0°C and 16 h at r.t. After the removal of DMF {< 
40^0, a solution of 60% sat. NaHC03 (10 ml) was added. 
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. This mixture was extracted with EtOAc (10 ml x 2) . The 
• extracts were combined and washed with sat. NaHCOs (10 ml x 
2), 5% citric acid (10 ml x 2) , H2O (10 ml), sat. NaCl (10 
ml) and dried (Na2S04) then concentrated to afford 512 mg 
5 (98%) of desired product Butanoic Acid, 4- [ [3- [ [ [ (1, 1- 
dimethyl ethyl) amino Icarbonyl] (3-methylbutyl) amio] -2- 
hydroxy-1- (phenylmethyl) propyl] amino] -2,2, 3-trimethyl-4- 
0x0, [lS-[lR*(3S*),2S*]]-benz:,'l ester as a white solid, 
m/e=582(M+H) . 

10 

P^rt B; 

A mixture of benzyl ester from Part A (480 mg, 
0.825 mmol), 10% Pd/C (450 mg) in MeOH (25 ml) was 
hydrogenated (H2, 50 psi) for 1/2 hat r.t. The mixture 
15 was filtered and the solid was washed with MeOH (10 ml) . 

The collected filtrates were concentrated to afford a crude 
acid as a white solid. The crude acid was dissolved in 
Et20-EtOAc (10:1, 25 ml) and the solution was washed v.dth 
sat. NaHC03 (25 ml) then 5% NaOH (10 ml) . The combined 
20 aqueous layers were cooled to O'^C and acidified with 

concentrated HCl (C02) to pH - 1 then extracted with Et20 
EtOAC (10:1, 25 ml X 3). The combined extracts were washed 
with sat. NaCl (15 ml), dried (Na2S04) and concentrated to 
afford 307 mg (75.7%) of pure^ acid Butanoic acid, 4-[[3- 
25 [ [ [ (1, 1-dimethylethyl ) amino] carbonyl] (3-methylb- yDamino]- 
2-hydroxy-l- (phenylmethyl) propyl] amino] -2 , 2, 3-trlmethyl-4- 
. 0x0-, [IS- [IR* (3S* ) , 2S*] ] as a white solid, m/e=491 (M+H) . 

Part C; 

30' Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl)amino] - 2- 
hydroxy-1- (phenylmethyl) propyl] amino] -2,2, 3-triinethyl-4- 
0X0-, [1S-[1R*(3S*) ,2S*]]-, as a white solid, m/e=491 (M+H) . 

35 To a well-stirred solution of the acid from Part 

B (245 IT^, 0.5 TTTTKil) in DMF (0.5 ml) was added HOBt (153 
mg, 1.0 irmol) and EDC (143 mg. 0.75 nmol) at O^C. After 
stirring at O^C for 2 h. NH4OH (0.63 ml of 28% NH4OH, 5 
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inmol) was added and stirred at 0°C for 2 h, r.t. for 16 h. 
The removal of DMF (< 40**C) gave a white solid. The 
purification of the crude product by flash chromacography 
(silica gel, 5% MeOH/CH2Cl2) gave 172 (70%) of pure 
amide as a white solid, m/e=491(M+H) . 




CH3O 



Preparation of methvl 2 . 2-dimethvl -'^-methvl succinate, (R) 
and fS) isomers. 



15 P^Xt A: 

Preparation of methyl 2 , 2-dimethyl-3-o>:o- 
butanoate. A 250 ml RB flask equipped with magnetic stir 
bar and N2 inlet was charged with 100 ml dry THE and 4.57g 
(180 mmol) of 95% NaH. The slurry was cooled to -20°C and 

20 lOg (87 mmol) methyl acetoacetate was added dropwise 
followed by 11.3 ml (181 irmol) CH3I. The reaction was 
stirred at 0°C for 2 hours and let cool to room terr,: -;rature 
overnight. The reaction was filtered to remove Nal and 
diluted with 125 ml Et20. The organic phase was washed 

25 with ixlOO 15% brine, dried and concentrated in vacuo to a 
dark golden oil that was filtered through a 30g plug of 
silica gel with hexane. Concentration in vacuo yielded 
lO.OSg of desired methyl ester, as a pale yellow oil, 
suitable for use without further purification. 

30 

Preparation of methyl 2 , 2-dimethyl-3-0- 
(trifluoromethanesulfonate) -but-3-enoate. A 250 ml RB 
■ flask equipped with magnetic stir bar and N2 inlet was 
35 charged with 80 mL by THF and 5.25 ml (37.5 mmol) 
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diisopropylamine was added. The solution was cooled to - 
25°C (dry ice/ethylene glycol) and 15 ml (37.5 imol) of 2.5 
M n-BuLi in hexanes was added. After 10 mi'.nutes a solution 
of 5g (35 mmol) 1 in 8 ml dry THF was added. The deep 
5 yellow solution was stirred at -20°C for 10 min. then 12. 4g 
N-phenyl bis (trif luoromethanesulfonimide) (35 mmol) was 
added. The reaction was stirred @ -10°C for 2 hours, 
concentrated in vacuo and partioned between ethyl acetate 
and sat. NaHC03 . The combined organic phase was washed 

10 with NaHC03, brine and cone, to an amber oil that was 

filtered through 60g silica gel plug with 300 mL 5% ethyl 
acetate/hexane Cone, in vacuo yielded 9.0g light yellow oil 
that was diluted with 65 ml ethyl acetate and washed with 
2x50 ml 5% aq K2CO3, 1x10 mL brine, dried over Na2S04 and 

15 cone, in vacuo to yield 7.5g (87%) vinyl trif late, 
(m/e=277 (M+H) suitable for use without further 
purification. 

Part C: 

2D Preparation of methyl 2, 2-dimethyl-3-carboxyl- 

but-3-enoate. A 250 ml Fisher Porter bottle was charged 
with 7.5g (27 mrol) of corrpound prepared in B, 50 ml dry 
DMF, 360 mg (1.37 irmol) triphenyl phosphine and 155 mg (.69 
mmol) Pd(II) (0Ac)2. Tne reaction mixture v.^s purged twice 
25 with N2 then, charged with 30 psi CO. Meanwhi. j a solution 
of 20 ml dry DMF and 7,56 ml (54 mmol) NEt3 was cooled to 
0°C to this was added 2.0g (43 mmol) of 99% formic acid. 
The mixture was swirled and added to the vented Fisher 
Porter tube. The reaction vessel was recharged to 40 psi 
30 of CO and stirred 6 hours room temperature. The reaction 
mixture was concentrated in vacuo and partionned between 
100 mL of ethyl acetate and 75 mL 5% aq K2CO3. Ihe aqueous 
phase was washed with 1x40 n\L additional ethyl acetate and 
then acidified with cone. HCl/ice. The aqueous phase was 
35 extracted with 2x70 mL of ethyl acetate and the organics 

were dried and cone, to yield 3.5g (75%) white crystals, mp 
72-75°C, identified as the desired product tm/(i=173 (M+H) . 
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Part D: 

Preparation of metb^l 2, 2-diI^ethyl-3- 
methylsuccinate, isomer #1. A steel hydrogenation vessel 
was charged with 510 mg (3.0 mmol) acrylic acid, from Part 
C, and 6 mg Ru (acac)2 (R-BINAP) in 10 ml degassed MeOH. 
The reaction was hydrogenated at 50 psi/room tertperature 
for 12 hours. The reaction was then filtered through 
celite and cone, to 500 mg clear oil which was shown to be 
a 93:7 mixture of isomer #1 and #2, respectively as 
determined by GC analysis using a 50 M £-cyciodextrin 
column: 150X - 15 min. then ramp 2°C/min.; isomer #1, 
17.85 min., isomer #2, 18-20 min. 



15 



20 



Preparation of methyl 2, 2-dimethyl-3- 
methylsuccinate, Isomer #2. A steel hydrogenation vessel 
was charged with 500 mg (2.9 nmol) acrylic acid, Part C, 
and 6 mg Ru{QAc) (acac) (S-BINAP) in 10 ml degassed MeOH. 
The reaction was hydrogenated at 50 psi/room tenperature 
for 10 hours. The reaction was filtered through celite and 
concentrated in vacuo to yield 490 mg of product as a 1:99 
mixture of isomers #1 and #2, respectively, as determined 
by chiral GC as above. 



In a similiar rrajoner, one can use benzyl 2,. 
dimethyl-3-oxo-butanoate to prepare benzyl 2,2,3- 
trimethylsuccinate, R and S isomers. 



30 



Preparat i on of 3-rfrfl 1-r^1 methv l eth v i ^aminnir.rhnnyi ]- f^. 



methvlhnfvT ^;=>minn] -2 (n) -)r^f^^ r.^^^riraj 
(Dhe^vlmethvllnrnp^, 'lamin^■ 1 , 



35 Part A : 

To a solution of 75.. Og (0.226 toI) of N- 
benzyloxycarbonyl-L-.phenylalanine chloromethyl ketone in a 
mixture of 807 iri. of methanol and 807 vciu of tetrah^'drof uran 
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at -2°C, was added 13.17g (0.348 mol, 1.54 eguiv.) of solid 
sodium borohydride over one hundred minutes. The solvents 
were removed under reduced pressure at 40°C and the residue 
dissolved in ethyl acetate (approx. ID . The solution was 
5 washed sequentially with IM potassium hydrogen sulfate, 
saturated sodium bicarbonate and then saturated sodium 
chloride solution. After drying over anhydrous magnesiiOT 
sulfate and filtering, the solution was renoved under 
reduced pressure. To the resulting oil was' added hexane 

10 (approx. ID and the mixcure warmed to 60°C with swirling. 
After cooling to room teirperature, the solids were 
collected and washed with 2L of hexane. The resulting 
solid was recrystallized from hot ethyl acetate and hexane 
to afford 32. 3g (43% yield) of N-benzyloxycarbonyl-3 (S) - 

15 amino-l-chloro-4-phenyl-2 (S)-butanol, rrp 150"151°C and 
M+Li*^ = 340. 

P^rt g: 

To a solution of 6.52g (0.116 mol, 1.2 eguiv.) of 
20 potassium hydroxide in 968 mL of absolute ethanol at room 

tenperature, was added 32. 3g (0.097 mol) of N-CBZ-3 (S) -amino- 
l-chloro-4-phenyl-2 (S)-butanol. After stirring for fifteen 
minutes the solvent was removed under reduced pressure and the 
solids dissolved in methylene chloride. After ^A^shing with 
25 water, drying over magnesium sulfate, filterinc ':;nd stripping, 
one obtains 27. 9g of a white solid. Recrystallization from 
hot ethyl acetate and hexane afforded 22. .3g (77% yield) of N- 
benzylo>ycarbonyl-3 (S) -amino-1, 2 (S) -epoxy-4-phenylbutane, np 
102-103**C and MH+ 298. 

30 

Part C: 

A solution of N-benzylo50^carbonyl 3(S)-amino- 
1^2- {S)-epoxy-4-phenylbutane (30. Ig, 0.10 mol) and 165mL of 
isoairylamine in 150 mL of isopropyl alcohol was heated to 
35 reflux for 2.5 hours. The solution was cooled to room 

terrperature, concentrated in vacuo and then recrystallized. 
The product was isolated by filtration and from ethyl 
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acetate/hexane to afford 31. 7g (81%) of N[3(S)- 
benzyloxycarbonylainino-2 (R) -hydroxy-4-phenylbutyl]N- 
isoam/lamine. 

Part D : 

A solution of N[3 (S) -benzyloxycarbonylaI^ino- 
2 tR) -hydroxy-4-phenyl butyl], N-isoainylamine in 10 ml of 
tetrahydrofuran was treated with i^grt-butylisocyanate (267 
mg, 2.70 mmol) at room tenperature for 5 minutes. The 
solvent was removed in vacuo and replaced with ethyl 
acetate. The ethyl acetate solution was washed with 5% 
citric acid, water, and brine, dried over anhydrous MgS04, 
filtered and concentrated in vacuo to give 1.19g, 97% of N- 
benzyioxycarbonyl-3- [ [ [ (1, 1- dime thy le thy 1) amino] - 
carbonyl] (3-methylbutyl)amino] -2 (R) -hydroxy-1 (S) - 
(phenylmethyl) propylamine, MH+ m/z = 470. 



. ?grt S: 

A solution of (37. 3g, 77 mmol) of product from 
20 Part D in 100 mL of methanol was hydrogenated over 10% 
palladium-on-carbon for 4 hours to afford 26. Ig of the 
desired product. 

Example 35 



Preparation ot But&nediamider N- [3- f f f (1. 1- 
dimethvlethyl ) airunol carbonvl 1 ( 3 -methvlbutvl ) aminol - 2- 
hydrQ?^-l-(phenvljngthyJ,)prQT?vl1-. flS-flR*r 25*11-. 



30 Part A : 

To a solution of 102mg (0.29 imiol) of Exanple 34 
Part E and 70 mg (0.89 mmol) of pyridine in 2 mL of 
methylene chloride was added 29 mg (0.29 rrmol) of succinic 
anhydride. After 2 hours, ethyl acetate was added and then 
35 extracted with saturated NaHCO. The aqueous layer was 
acidified, reextracted with ethyl acetate, washed with 
saturated brine, dried over magnesium sulfate, filtered and 
concentrated in vacuo to afford 78 mg (60%) of butanoic 
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acid, 4- [ [3- [ [ [ (1, l-dimethylethyl)amino]carbonyl] (3- 
methylbutyDaiTuLno] -2-hydroxy-l- ( phenyime thy i) propyl Jamino- 
4-OXO-. [1S-[1R*, 2S*]-. 

5 Part P: 

his was activated with EDC and N- 
hydroxybenzotriazole in N,N-diinethylformamde and then 
reacted with ammonia to generate the desired final 
conpo;jund. 

10 ■ 

Part ft: 

To a solution of 4.60g (24.7 mrrol) of trans-diethyl 
15 1,2-cyclopropanedicarboxylate in 100 mL of 50:50 v:v tetra- 
hydrofuran/water was added 1.24g (29.6 mmol) of lithium 
hydroxide. After 17 hours, the tetrahydrofuran was reinoved in 
vacuo, the water layer washed with ethyl acetate, acidified 
with IN hydrochloric acid and reextracted with ethyl acetate. 
20 The organic layer was dried and stripped to afford 2.1g of 
■ crude product. After recrystallization from diethyl 

ether/hexane and then methylene chloride/hexane one obtains 
l.lg (28%) of trans-nonoethyl 1 , 2-cyclopropanedicarboxYlate, 
m/e = 159 (M -f H) . 

25 

Part g: 

To a solution of 297 mg (1.87 mmol) of trans- 
monoethyl 1,2-cyclopropanedicarboxylate and 429 mg (2.8 
mrol) N-hydroxybenzotriazole (HOBT) in 3 mL of anhydrous 
30 N,N-dimethylformamide (DMF) at 0°C was added 394 mg (2.0 
mrrol) of 1- (3-dimethylairj.nopropyl) -3-ethylcarbodiiinide 
hydrochloride (EDC) . After 30 min. a solution of 591 mg 
(1.7 mmol) of product from Part A in 2 mL DMF and 171 mg 
(1.69 mrrol) of N-methylmorpholine (NMM) was added. After 2 
35 hours at 0**C, the reaction was stirred at RT overnight, 
poured into water, extracted with ethyl acetate, washed 
with water, 5% aq. citric acid, sat'd NaHC03, brine, dried 
over anhydride MgS04 and stripped to afford 771 mg of crude 
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product. This was chromatographed on silica gel using 5- 
20% methanol /methylene chloride to afford 670 mg (80%) of 
cyclopropane carbo^lic acid, 2- [ ( [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] amino] carbonyl] ethyl 
ester; m/e = 490 (M + H) . 



10; 



15\ 



2D 



25 



30 



35 



Part C: 

To a solution of 658 mg (1.32 mmol) of product 
from Part B in 5 mL of 50:50 THF/water was added 66 mg 
(1.58 mmol) of lithium hydroxide. After 19 hours, the THF 
was removed in vacuo, the water washed with ethyl acetate, 
acidified and reextracted with ethyl acetate. The organic 
layer was dried and stripped to afford 328 mg (54%) of the 
corresponding acid, m/e = 462 (M + K) . 

Part_D: 

To a solution of 304 mg (0.66 mmol) of product 
from Part C, 151 mg (0,99 mmol) HOBT in 2.2 mL DMF at 0°C 
was added 139 mg (0.73 mmol) EDC. After 30 min. at 0°C, 
1.1 mL of cone, aqueous ammonia was added. After stirring 
at 0°C for 2 hours and RT for 20 hours, the reaction was 
poured into brine and extracted with ethyl acetate. After 
washing with sat'd NaHCOs, brine, drying and r:r:-:.pping, one 
obtains 141 mg of crude product. This was chro: iitographed 
on silica gel with 1-5% methanol /methylene chloride to 
afford 40 mg (13%) of 

the desired final product, m/e = 561 (M + H) . 



Example -^1 



Preparation of nrans-but-2-finpHi a inidQ. N-r^^rrrn.i- 



diinethvlethvl)aminnlrAT-| v^ nyT 1 f B-methvlbutyn^^TTij pp] 
hvdrQxv-1- (Phenyl methvnpT-r^ T y/11-. ns-rip*. ;>,<:;* ■ 



r 
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Part A : . 

To a solution of 137 n>g (0.95 mmol) fumaric acid 
monoethyl ester in 1 mL of DMF at 0°C was added 183 mg 
(0.95 mmol) EDCl. After 15 minutes, a solution of 333 mg 
(0.95 mmol) of the corrpound of Exairple 34 Part E in 1 mL 
DMF was added and the reaction stirred for 14 hours at RT. 
Ethyl acetate was added and extracted with sat'd brine, 0.2 
n HCl, sat'd NaHCOs, dried and stripped to afford 0.32g of 
crude product. Chromatography on silica gel using 0-50% 
ethyl acetate/hexane afforded 0.26g (58%) of but-2-enoic 
acid, 4- [ [3- [ [ [ (1, l-dijaethylethyl)amino]carbonyl] (3- 
methylbutyl) arrdno] -2 -hydroxy- 1- (phenylmethyl) propyl) amino] - 
4-OXO-, [1S-[1R*, 2S*]]-, ethyl ester, m/e = 476 (M + H) . 



15 Part p: 

To a solution of 26.6 mg (0.56 inmol) of product 
from Part A in 3 mL of 50:50 THF/water was added 34 mg 
(0.82 mmol) of lithium hydroxide and the reaction stirred 
at RT for 1 hour. The THF was removed in vacuo, the 

20 aqueous layer acidified with IN HCl and extracted with 
ethyl acetate. The organic layer was washed with brine, 
dried and stripped to afford 233 mg (93%) of trans-but-2- 
enoic acid, 4- [ [3- [ [ [ (1, 1-dimethylethyl) amino] carbonyl] (3- 
meth^^'lbutyl) amino] -2-hydroxy-l- (phenylmethyl) propyl] amino] - 

25 4-OXO-, [1S-[1R*, 2S*]-, m/e = 448 (M + H) . 



Part C: 

To a solution of 225 mg (0.50 mimol) of the 
product from Part B in 1 mL of DMF was added 95 mg (0.50 
30. mmol) EDC. After 15 m.inutes at RT, 0.50 mL of cone. 

aqueous ammonia was added and the reaction stirred for 15 
hours. Ethyl acetate was added and washed with 0.2N HCl, 
brine, dried and stripped to afford 170 mg of cmde 
product. After chromatography on silica gel u;;ing 0-40% 
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methanol /methylene chloride, one obtains 50 mg (22%) of 
trans-but-3-enediamide, N- [3- [ [ ( (1, 1- 
dime thy 1 ethyl ) amino ] carbony 1 ] ( 3 -me thy Ibuty 1 ) amino ] •- 2 - 
hydroxy-1- (phenylmethyl) propyl] [1S-[1R*, 2S*]-, m/e = 
5 447 (M -f H) . 

E?^grole 38 

Preparation of bvtgnedj.^ide, N-T3- f f r (1 r 1- 
10 dimethvlethvl ) aminol carbonvl 1 ;3-methvlbutvl) aminol -2- 

hvdrox\^-l-(Dhenvlmethvl)nropvl-2-methvl-. ri5-flR*f2S*) . 

. Part A : 

15 To a suspension of 24. 7g (0.22 mol) of itaconic 

anhydride in 100 mL of anhydrous toluene at reflux under a 
nitrogen atmosphere was added dropwise over 30 minutes 
23, 9g (0.22 mol) of benzyl alcohol. The insoluble material 
dissolved to provide a homogeneous solution which v/as 

20 refluxed for 1.5 hours. The solution was cooled to RT, 
then in an ice bath and the resulting white precipitate 
collected by filtration to afford 24. 8g (51%) of 4-benzyl 
itaconate. 

25 Part P: 

To a solution of 2.13g (9.5 mmol) of the product 
from Part A in 12 mL of methylene chloride at 0°C was added 
4.02g (29.1 mrol) of para-methoxybenzyl alcohol, 605 mg 
(4.95 mmol) of N,N-diinethyl 4-aininopyridine, 128 mg of N,N- 

30 dimethyl 4-aminopyridine hydrochloride salt and then 2.02g 
(4.7 mmol) dicyclohexylcarbodiimide (DCC) . After stirring 
at 0°C for 1 hour and then RT for 2 hours, the precipitate 
was collected and discarded. The filtrate was washed with 
0.5 N HCl, sat'd NaHCC3, dried and stripped to afford 4.76g 

35 of crude product. This was chromatographed on silica gel 
using 0-50% ethyl acetate/hexa:-ie to afford 1.24g of pure 
4 • -methoxybenzyl-4-benzylitaco.nate . 
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Part C: 

A solution of 1.24g (3.65 mrrol) of product from 
Part B and 20 mg of [ (R,R) -Dipairp) cyclooctadienylrhodium] 
tetrafluoroborate in 30 mL of methanol was throughly 
5 degassed, flushed with nitrogen and then hydrogen and then 
stirred under 50 psig of hydrogen for 15 hours. The 
solution was filtered and stripped, dissolved in methylene 
chloride and washed with sat'd NaHC03, driei and stripped 
to afford 0.99g of a brown oil. This was then dissolved in 

10 40 mL of methylene chloride, 3 mL of trif luoroacetic acid 
added and the solution stirred at RT for 3.5 hours. Water 
was added and separated and the organic layer extracted 
with sat'd NaHC03. The aqueous layer was acidified and 
reextracted with ethyl acetate, separated and the organic . 

15 layer washed with brine, dried and stripped to afford 320 
mg (50%) of 2 (R) -methyl-4-benzylsaccinic acid. 

Paxt P: 

To a solution of 320 mg (1.44 nrool) of product 
20 from Part C and 314 mg (2.05 mnrol) HOBT in DMF at 0°C was 
added 303 mg (1.58 mmol) of EDC. After stirring for 30 
minutes, a solution of 467 mg (1.34 mmol) of the product 
from Example 34, Part E in 4 mL of DMF was added. Af ter - 
stirring for 1 hour at 0°C and 14 hours at RT, ethyl 
25 acetate was added and washed with sat'd No:. .'3, 5% aqueous 
citric acid, dried and stripped to afford 0.97g of crude 
product. This was chromatographed on silica gel using 
0-10% ethyl acetate/hexane to afford 420 mg of pure 
butanoic acid, 4- [ [3- [ [ [ (1, 1-dimethylethyl) amino] - 
30 carbonyl] (3-methylbutyl) amino] -2 -hydroxy- 1 - 

(phenylmethyl) propyl] amino] -3-methyl-4-oxo- , [IS- [IR* {3S*) , 
2S*]-, benzyl ester. 




Part E: 

35 . A solution of 150 (0.27 irmol) of product from 

Part D in 15 mL of methanol was hydrogenated over 10% 
palladium on carbon under 50 psig hydrogen for 17 hours. 
The reaction was filtered and stripped to afford 125 rr^ 
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(100%) of butanoic acid, 4- [ [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy- 1 - ( pheny Ime t hy 1 ) propyl ] amino ] - 3 -methyl - 4 - oxo- , [ 1 S - 
[1R*(3S*) , 2S*]-. 

5 

Part F : 

To a solution of 125 mg (0.27 mmol). of product 
from Part E and 65 mg (0.42 mmol) of HOBT in 5 mL of DMF. at 
0°C was added 59 mg (0.31 mmol) of EDC. After 30 min, at 

10 O^C, l.mL of cone, aqueous amiuonia was added. After 
stirring at 0°C for 2 hours and RT fro 15 hours, ethyl 
acetate was added and washed with sat'd NaHC03, 5% aqueous 
citric acid, dried and stripped to afford 90 mg of crude 
product. This was recrystallized from ethyl acetate/hexane 

15 to afford 40 mg (32%) of pure butanediamide, N- [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2 -methyl, [IS- [IR* (2S*) , 
2S*]-. 

20 Example 39 

Preparation of butanediamide. N- f 3- f f f f 1 . 1- 
dimethvlethvDaminolcarbonvll (3-methvlbutvl) amino! -2- 
hvdrQXV-l-(phenvlmethvl)propvn-2-meth\--l, ris- riR-^ f2P^) . 
25 2 S*1- . 

A solution of 1.41g (4,1 mmol) of 4*- 
methoxybenzyl 4-benzylitaconate and 25 mg of [(S,S- 

30 Dipamp) cyclooctadienylrhodium) tetrafluoroborate in 20 mL of 
methanol was thoroughly degassed, flushed with nitrogen and 
then l^drogen and then stirred under 40 psig liydrogen for 
72 hours. The solution was filtered and concentrated to 
provide 1.34g of a brown oil. Ihis was dissolved in 40 mL 

35 of methylene chloride and 3 mL of trif luoroacetic acid was 
added. After stirring for 4 hours, water was added, 
separated and the organic layer extracted with sat'd 
NaHC03. lha aqueous layer was separated, reacidified, 
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extracted with ethyl acetate which was separated, washed 
with brine, dried and stripped to afford 440 mg of 2(S)- 
methyl-4-benzylsuccinic acid. 



5 Part 

To a solution of 440 mg {1.98 imol) of the 
product from Part A and 437 mg (2.86 mmol) of HoBT in 9 mL 
of IMF at 0°C was added 427 mg (2.23 mmol) of EDCl. After 
30 minutes at O'^C, a solution of 653 mg (1.87 mmol) of the 

10 product from Example 34, Part E in 3 mL DMF was added. 

After 1 hour at 0°C and 15 hours at RT, ethyl acetate was 
added, extracted with sat'd NaHC03, 5% aqueous citric acid, 
dried and concentrated to afford 0.98g of crude product. 
Chromatography on silica gel using 0-10% ethyl acetate 

15 afforded 610 mg (59%) of pure butanoic acid, 4- [ [3- [ [ [ (1, 1- 
dimethylethyl) -amino] carbonyl] (3-methylbutyl) aiiano] -2- 
hydroxy-1- (phenylmethyl ) propyl] amino] -3-methyl-4-oxo-, [IS- 
[1R*(3R*), 2S*], benzyl ester. 



ID 



15 



20 Part C : 



20 



A solution of 310 mg (0.56 mmol) of the product 
from Part B in 20 mL of methanol was hydrogenated over 20 
mg of 10% palladium on carbon under 50 psig hydrogen for 19 
hours. The solution was filtered and concentrated to 
afford 220 mg (85%) of butanoic acid, 4-[[3-[[[\ .-1- 
dimethylethyl) -amino] carbonyl] (3-methylbutyl)amino] -2- 
hydro>Q^-l- (phenylmethyl) propyl] amino] -3-methyl-4-oxo- , [IS- 
[1R*(3R*); 23*]. 



30 Part D : 

To a solution of 190 mg (0.41 mmol) of the 
product from Part C and 90 mg (0.58 mmol) HOBT in 5 ml. of 
DMF at 0**C, was added 88 mg (0.46 rrmol) of EDC. After 30 
minutes at 0°C, 2 mL of cone, aqueous ammonia was added. 
35 After 1 hour at 0°C and 15 hours at RT, e.th:^'l acetate was 
added, washed with sat'd NaHC03, 5% aqueous citric acid, 
dried and concentrated to afford crude product. 
Recr.ystallization from ethyl acetate/hexane afforded 20 mg 



3[ 



®1993 DERWENT PUBLICATIONS LTD 



wo 93/2336J? 



PCT/US93/04806 



15 



129 



(11%) of butanediamide, N- [3- [ [ [ (1. 1- 
dimethylethyl) amino] carbonyl] (3~methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl ) propyl ] -2-methyl, [IS- [1R*(2R*) , 
2S*) . 

5 

Example 40 

Preparation of butanediamide . N- [3- r f [ (1 , 1- 
dimethvlethvl) amino 1 c arhnnvll f -met hvlbutvl ) amino] -2- 
10 hvdroxv-1- (phenvlmethvl ) propyl 1 -3 -methyl ■ , \}^ ' [IR* (3S*) 
2S*1-. 



Fart A: 

In a similar manner to the procedure used above, 
p-metho^c^benzyi alcohol was reacted with itaconic anhydride 
in refluxing toluene to provide 4-(p- 
methoxybenzyl ) itaconate . 



Part g: 

20 To a solution of 3.30g (13.2 mmol) of the 

product from Part A in 17 mL of toluene, was added 2.08g 
(13.7 mrnol) of 1, 8-diazabicyclo [5 . 40] undec-7-enc and then 
2.35g (13.7 rmiol) of benzyl bromide. After 2 hours, the 
solution was filtered and the filtrate washed with sat'd 

25 NaHCOs, 3N HCl, brine, dried and concentrated to afford 

3.12g of an oil. After chromatography on silica gel using 
0-5% ethyl acetate/hexane one obtains 2.19g (49%) of benzyl 
4- { 4 -methoxybenzyl) itaconate. 

30 Part C : 

A solution of 1.22g (3.6 mmol) of product from 
Part B and 150 mg of [ ( (R, R-Dipamp) ) 

cyclooctadienylrhodi'Jim] tetraf luoroborate in 15 mL of 
methanol was thoroughly degassed, flushed with nitrogen cmd 
35 then hydrogen and hydroger.ated under 50 psig for 16 hours. 
The solution was filtered arid concentrated to afford 1.2g 
of a brown oil. This was dissolved in 5 mL of methylene 
chloride and 5 ml^ of toluene and 3 mL of trif luorcacetic 
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acid was added. After 4 hours, the solvents were removed 
in vacuo, the residue dissolved in methylene chloride, 
which was then extracted with sat'd NaHCOs. After 
separation, the aqueous layer was acidified, reextracted 
5 with methylene chloride which was then dried and 

concentrated to afford 470 mg (60%) of 3 (R) -methyl-4- 
benzylsuccinic acid. 

Part D : 

ID To a solution of 470 m.g (2.11 mmol) of product 

from Part C and 463 mg (3.03 mg) of HOBT in 5 mL of DMF at 
0°C was added 451 mg (2.35 mmol) of EDC. After 30 min. at 
0°C, a solution of 728 (2.08 mmol) of the product from 
Exairple 34, Part E in 3 mL of DMF was added. After 

15 stirring at 0**C for 1 hour and 15 hours at Rl', ethyl 
acetate was added and extracted with sat'd NaHC03, 5% 
aqueous citric acid, brine, dried and concentrated to give 
930 mg of crude product chromatography on silica gel using 
0-10% etb^l acetate/hexane one obtains 570 mg (50%) of 

20 but anoic acid, 4- [ [3- [ [ [ (1,1- 

dimethylethyl ) amino] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
hydroxy-1- (phenylmethyl) propyl] amino] -2-met:hyl-4-oxo- , [IS- 
[1R*(2S*), 2S*]-, benzyl ester. 

25 Part E : 

The product was hydrogenated in metha: -j1 using 
10% palladium on carbon under 40 psig of hydrogen to afford 
butanoic acid,, 4- [ [3- [[[ (1, 1-dimethylethyl) amino] carbonyl] - 
( 3 -methylbutyl ) amino ] - 2 -liydroxy- 1 - 
30 (phenylmetlTyl)propyl] amino] '2-methyl-4-oxo-, [IS- [IR* (2S*) , 
2S*]-. 

To a solution of 427 mg (0.92 mmol) of product 
35 from Part E and 210 mg (1.37 mmol) in 3 mL of DMF at 0°C 

was added 196 mg (1.02 mmol) of EDC. After 30 min. at 0°C; 
2 mL of cone, aqueous ammonia was added. After 1 hour at 
0°C and 15 hours at RT, ethyl acetate was add^=d and then 
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acid was added. After 4 hours, the solvents were removed 
in vacuo, the residue dissolved in methylene chloride, 
which was then extracted with sat ' d NaHC03 . After 
separation,' the aqueous layer was acidified, reextracted 
5 with methylene chloride which was then dried and 

concentrated to afford 470 mg (60%) of 3 (R) -methyl-4- 
benzylsuccinic acid. 

10 To a solution of 470 mg (2.11 mmol) of product 

from Part C and 463 mg (3.03 mg) of HOBT in 5 mL of DMF at 
0°C was added 451 mg. (2.35 mmol) of EDC. After 30 min. at 
0°C, a solution of 728 mg (2.08 mmol) of the product from 
Exairple 34, Part E in 3 mL of DMF was added. After 

15 stirring at 0°C for 1 hour and 15 hours at RT, ethyl 
acetate was added and extracted with sat'd NaHC03, 5% 
aqueous citric acid, brine, dried and concentrated to give 
930 iT^ of crude product chroiretography on silica gel using 
0-10% ethyl acetate/hexane one obtains 570 mg (50%) of 

20 but anoic acid, 4- [ [3- [ [ [ (l,'l- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl ) propyl ] amino] -2-methyl-4-oxo- , [ IS- 
[1R*{2S*), 2S*]-, benzyl ester. 

.25 Part E: 

The product was hydrogenated in methanol using 
10% palladium on car]oon uiider 40 psig of hydrogen to afford 
butanoicacid, 4-[ [3- [[ [ (1, 1-dimethylethyl) amino] carbonyl] - 
(3-methylbutyl) amino] - 2 -hydroxy- 1- 
30 (phenylmethyl) propyl] amino] -2-me thy 1-4-OXO-, [IS- [IR* (2S*) , 
2S*]-. 

Part F: 

To a solution of 427 mg (C.92 mmol) of product 
35 from Part E and 210 irg {1.37 mmol) in 3 mL of DMF at O^^C 

was added. 196 mg (1.02 mmol) of EDC. After 30 min. at 0**C, 
2 mL of cone, aqueous ammonia was added. After 1 hour at 
O^^C and 15 hours at RT, ethyl acetate was added and then 
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extracted with sat'd NaHCOs, brine, dried and concentrated 
to afford crude product. Recrystallization from ethyl 
ace tate/hexane afforded 50 wg (12%) of butanediamide, N-[3- 
[ [ [ (1,1-dimethylethyl) amino) carbonyl] (3-methylbutyl) amino] - 
5 2-hydroxy-l- (phenylmethyl)propyl]-3-methyl-, [IS- [IR* (3S* ) , 
23*]-, 



10 Preparatio n of butanediamide . N- [3- f F f (1.1- 

dimfithvlethvDam inolcarbonvll (3-methvlbutvl) dlTUnol -g- 
hvdrnyv-l-(phenvl me th v l )D r onv11-3-methvl-. flS-riRM3P*) . 
2 S*1-. 

This was prepared in an identical manner to the 
15 previous exairple except that the asymmetric hydrogenation 
step was done in the presence of [((S,S- 
diparrp) cyclooctadienyl) rhodium] -tetraf luoroborate as 
catalyst. 

20 Example 42 

Preparation o f butanediamide. N- f 3- f f F (1 . 1- 
dimethvlethvl ) amino 1 carbonvl 1 ( 3 -methvlbutvl ) amino 1 - 2 - 
-nvdrnxv-l-fph^nvlmethvl)pronvll-. FlS-flRM2S-. 3R-^^ .. 
25 2.q*11. and riS-FlR*(2R*. 3S*). 2S*11. 

Part h: 

To a solution of 863 mg (5.91 nrrol) of meso-2,3- 
dimethylsuccinic acid in 7 mL of DMF at RT was added 1.13g 

30 (5.91 mmol) of EDC. After 15 minutes, a solution of 2.07g 
(5.91 mmol) of the product from Example 34, Part E and 1.4 
mL of pyridine in 7 mL of anhydrous methylene chloride was 
added. After 11 hours, ethyl acetate was added and washed 
with 0.2N HCl, brine, dried and concentrated to afford 

35- ■ 2.73g (97%) of a 1:1 mixture of diastereomeric acids. 
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Part B: 

TO a solution of 1.45g (3.04 nmol) of the 1:1 
mixture from Part A and 613 mg (4.51 mcoD of HOBT in 10 mL 
of IMF at O-'C was added 635 mg (3.31 mmol) of EDC. After 
30 minutes at 0°C, 5 mL of cone, aqueous ammonia was added. 
After 1 hour at O'C and 14 hours at RT, ethyl acetate was 
added, washed with 0.2N HCl, sat'd NaHC03, trine, dried and 
concentrated to afford 0.64g (44%) of a 1:1 mixture of 
amides . 

These were separated on a WhatLian 10 laicron 
partisil column using 8%-14% isopropanolZ-methylene 
chloride. The first isomer to elute was identified as 
butanediamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] {3-methylbutyl) amino] -2- 
hydroxy-l-{phenylmethyl) propyl]-, [IS- [IR* (2R* , 3S*) , 2S*]. 
m/e/ = 477 (M + K) . 

The second isomer to elute was identified as 
butanediamide, N- [3- [ [ [ (1 , l-dimeth^^'letlr/l) amino] - 
carbonyl] (3-methylbutyl) amino] - 2 -hydroxy- 1- 
(phenylmethyl) propyl]-, [1S-[1RM2S*, 3R*), 2S*], m/e = 477 
(M + H) . 



10 



If 





35 



Prpp?irat 3 nn of pent-.anediamj de . N- f 3- f f [ ( 1 . 1 - 

rj iTTPthviethy^ ^^^^^Q"' ^^^^^^^^ f 3■TT^rh^^1 hurvl ) ^nino^ -2" 

f nhPHvlme t hvl ) nronv3 , 3-dimethV^ - r 1 1 flR* > 



30 2S11^ 



TO a solution of 232 mg ^0.66 mmol) of the 
product from Example 34, Part E and 98 mg (1.2 irmol) of 
pyridine in' 2 mL of methylene chloride was added 95 mg 
(0.66 mfTol) of 3,3-dimethylglutaric anhydride at RT. After 
15 hours, ech;yl acetate was added, washed with IN HCl, 



brine. 



dried and concentrated to afford 2G1 mq of crude 
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product. Chromtography on silica gel using 5-20% 
methanol /methylene chloride afforded 108 mg of acid, m/e = 
492 (M -t- H) . 

5 P^rt g:. 

To a solution of 92 mg (0.19 mmol) of product 
from Part A and 38 mg (0.28 mmol) HOBT in 0.5 mL DMF at 0°C 
was added 36 mg (0.19 mmol) of EEC. After 30 minutes at 
0°C, 0.25 mL of cone, aqueous ammonia was added. After 1 

10 hour at 0°C and 16 hours at RT, ethyl acetate was added, 
washed with 0.2N HCl, safd NaHC03. brine, dried and 
concentrated to afford 72 ir^ of crude product. This was 
passed through a one-inch column of basic alumina with 10% 
methanol/methylene chloride to afford 53 mg of desired 

15 product, m/e = 491 (M + H) . 

]- ><:aTTple 44 

Prpnaratio n of butanedi amide . N-- f 3- [ f f (1 1 1" 
20 riSmPt-hvlethYl ^amino lr-f^rt-^nv'' ^ n-mPthvlburvl) amino 1 

fnhenvlmfithvl )D rnnvll -2 . 3-dimethvl - f 1 ?- fgRM^H- , 
•^.q^l ■ ?.S*n fTc;orner #1) and 

prppr^ration o f butanediamide . N- f 3- f f f (1 , 
25 r^imor.hvlet^l Isminol r Rrbonvll f 3-mer.hvlbutvl ) anUPQl 

hydrnw-l- (nhen v l TTiPr.hvl) pronvl 1 -2 . 3-diTnprhvl- flS- \IJ^* (2P" . 

Part A: 

30 To a solution cf 1.47g (4.20 mmol) of the 

product from Example 34, Part E and 1.4 mL of pyridine in 9 
mL of methylene chloride at RT was added 538 mg (^,.20 mmol) 
of 2,2-diinethylsuccinic anhydride. After 15 hours, ethyl 
acetate was added and washed with 0.2isr HCl, brine, dried 

35 and concentrated to afford 1.87g of crude product (approx. 
3:1 mixture of isom.ers) . 
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Part P: 

To a solution of 1.85g (3.9 mmol) of crude 
product from Part A and 887 mg (5.8 mmol) of HOBT in 10 mL 
of DMF at O'^C was added 809 mg (4.2 mrol) EHXT. After 30 
minutes at O^C, 6 mL of cone, aqueous ammonia was added. 
After 1 hour at 0°C and 15 hours at RT, ethyl acetate was 
added, washed with 0.2N HCl, sat'd NaHC03, brine, dried 
and concentrated to afford .923 mg of crude product. The 
two isomers were separated on a Whatman Partisil 5 column 
using 8-14% isopropanol /methylene chloride. The major 
isomer was identified as Isomer #1, m/e = 477 (M + H) . 

The minor isomer was identified as Isomer #2, 
m/e = 477 (M + H) . 

Example 45 



This exairple illustrates the procedure utilized 
to prepare coirpounds wherein the stereochemistry about the 
20 hydroxy 1 group is (S) . 



Part A: 

A solution of 3 (S) - (1 , 1-dimethylethoxycarbonyl ) - 
amino-1,2- (R)-epoxy-4-phenylbutane (l.COg, 3.80 :v':>l) and 
isobutylamine {5.55g, 76 mmol, 20 equiv.) in 10 m:. of 
isopropyl alcohol was warmed to eO°C for 1 hour. The 
solution was cooled to room teirperature and concentrated in 
vacuo and the residue recrystallized from hexane/methylene 
chloride to give0.93g, 73% of [2(S). 3 (S) ] -N- [ [ [3- [ (1 , 1- 
dimethylethyl) carbamoyl) amino] ] -2-l'r/droxy-4-phenylbutyl)N- 
[ (3-methylbutyl) ] amine, mp 91.3 - 93.0°C. 



The product from Part A (46.3mg, 0.14 mmol) was 
dissolved in a mixture of 5 mL of tetrahydrofuran and 2 mL 
of meth/lene chloride and treated with .tsrt-butylisocyanate 
(136.4ing, 1.376 mmol) via syringe. The solution was 
stirred at room temperature for 0 . 5 hour and then the 



I 
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solvent was removed in vacuo. The product, TLC on Si02/ 
1:1 hexane: ethyl acetate had Rf = 0.74 and was used 
directly in the next step without further purification. 

5 P^rt C: * • 

The crude product from Part B was taken up in 10 
mL of 4N hydrochloric acid in dioxane and stirred at room 
temperature for 0.25 hours. The solvent and excess 
hydrochloric acid was removed in vacuo whereupon the 
10 product crystallized. The solid was isolated by filtration 
washed with acetone and dried in vacuo to 3-[[(l,l- 
dimethylethyl) amino] carbonyl] (2-methylpropyl) amino-2 (S)- 
hydroxy-1 (S) - (phenylmethyl ) propylamine hydrochloride . 

15 P: 

A solution of l^-Cbz-L-asparagine {225. 5mg, 0.847 
mmol) and M-hydroxybenzotriazole {182. 9mg, 1,21 mmol) was 
dissolved in 2 mL of dimethyl formamide and cooled to 0°C 
and then treated with EDC (170. 2mg, 0.898 mmol) for 10 
20 minutes. This mixture was then treated with 3-[[(l,l- 
dmethylethyl) amino] carbonyl] (2-methylpropyl) amino-2 (S)- 
hydroxy-1 (S) - (phenylmethyl) propylamine h^rdrochloride. 
(300. Omg, 0.807 mmol) followed by N-methyimorpholine 
(90.0mg, 0.888 mmol) via syringe. The solution v--^- stirred 
25 at room tenperature for 16 hours and then poured : .vco 20 mL 
of rapidly stirring 60% saturated aqueous sodium 
bicarbonate solution whereupon a white precipitate formed. 
The solid was isolated by filtration, washed with saturated 
aqueous sodium bicarbonate solution, water, 5% aqueous 
citric acid solution, water and then dried in vacuo to give 
319mg, 68% of butanediamide, n1- [3- [ [ [ (i, i- 
dimethylethyl) amino] carboy 1] (2-methylpropyl ) amino] - 2 (S) - 
hydroxy-1 { S ) - (phenylmethyl ) prcpy 1 ] -2 ( S ) - 
[ (benzyloxycarbonyl) amino] mp 139-141°C, MH+ m/z = 584 

35 



30 



WO 93/23368 



PCT/US93/04806 



136 



wo 9 



10 



.15 



The coirpounds of the present invention are 
effective HIV protease inhibitors. Utilizing an enzyme 
assay as described below, the corrpounds set forth in the 
exanples herein disclosed inhibited the HIV enzyme. The 
preferred coirpounds of the present invention and their 
calculated IC50 (inhibiting concentration 50%, i.e., the 
concentration at which the inhibitor conpound reduces 
enzyme activity by 50%) values are shown in Table 16. The 
enzyme method is described below. The substrate is 2- 
aminobenzoyl-Ile-Nle-Phe (P-NO2 ) -Gln-ArgNH2 . Ihe positive 
control is MVP-lOl (Miller, M. et al, Science, 24£/ 1149 
(1989)] The assay conditions are as follows: 



Assay buffer: 



20 



20 irM sodium phosphate, pH 6.4 
20% glycerol 
1 irM EDTA 
1 rrW DTT 
0.1% CHAPS 



ID 



15 



25 



The above described substrate is dissolved in 
DMSO, then diluted 10 fold in assay buffer. Final 
substrate concentration in the assay is 80 |iM. 

HIV protease is diluted in the assay buffer to a 
final enzyme concentration of 12.3 nanomolar, based on a 
molecular weight of 10 , 780 . 



30 The final concentration of DMSO is 14% and che 

final concentration of glycerol is 13%. The test coiipound 
is dissolved in DMSO arid diluted in DMSO to lOx the test 
concentration; lOp.1 of the enzyme preparation is added, the 
materials mixed and then the mixture is incubated at 

35 ambient teirperature for 15 minutes. The enzyme reaction is 
initiated b^'' the addition of 40;il of substrate. The 
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increase. in fluorescence is nonitored at 4 time points (0, 
8, 16 and 24 minutes) at airtoient temperature. Each assay 
is carried out in duplicate wells. 



TABLE 1 6 



Compound 



IC50 (nanomolar) 



la) Butanediamide, N^- [3- [ [ [ (1/ 1- 
dimethylethy 1 ) amino] carbonyl ] 
15 {2-methylpropyl) amino] -2-hydroxy-l.- 

(phenylmethyl) propyl] -2- [ (N-benzyl- 
oxycarbonyl) amino]-, [IS- [IR* (R*) . 
2S*]]- 



35 



20 lb) 



25 



Butanediamide , n1-[3-[[[ (1/1- 
dimethylethyl) amino] carbonyl] 
( 2-methylpropyl } amino ] - 2 - hydroxy - 1 ■ 
( pheny Imethy 1 ) propyl ] - 2 - [ ( 2 - 
guinolinylcarbonyl) amino] - , 
[1S-[1R*(R*) .23*]]- 



7.1 



2a) Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3- 
mettr/lbutyl ) amino] -2-hydroxy-l- 
X ( pheny Imethyl) propyl] -2- [ (N- 

benzyloxycarbonyl) amino] , 
[1S-[1R*(R*),2S*]]- 

2b) Butanediamide, n1- [3- [ [ [ (1,1- 
35 dimethylethyl) amino] carbonyl] (3- 

methylbutyl) amino] -2-hydroxy-l- 
(phenylmethirl) propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] - , 
[1S-[1R*(R*) .2S*]]- 



13.4 
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Compound 



IC50 (nanomolar) 



3a) Butanediamide; N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (2- 
10 naphthylmethyl ) amino] -2-hydroxy-l- 

(phenylmethyl) propyl) -2- [ (N-benzyl- 
oxycarbonyDa-nino]-, [1S-[1R"(R*) , 
2S*]]- 



31.0 



25 3b) 



20 



Butanediamide. n1- [3- [ [ [ (1, 1- 
dimethyleth>'l) amino] carbonyl] (2- 
naphthylmethyl ) amino] -2-hydroxy-l- 
{ pheny Imethyl) propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] - , 
[1S-[1R*(R*) ,2S*] ]- 



2.9 



4a) Butanediamide, n1- [3- t [ [ (1/ 1- 

dimethylethyl) amino] carbonyl] (2- 
phenyl ethyl ) amino ] - 2 -hydroxy- 1 - 
(phenylmethyl ) propyl] -2- [ (N- 
benzyloxycarbonyl) amino] - , 
[1S-[1R*(R*),2S*]]- 



70 



4b) Butanediamide, N^- [3- [ [ [ (1, 1- 
30 dime thy lethyl ) amino] carbonyl] 

(2-phenyletlT/l) amino] -2-lTydroxy-l- 
(phenylmethyl) propyl] -2- [ (2- 
quinoli^ylcarbonyl ) amino] - , 
[1S-[1R*(H*).2S*] J- 



IC 
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10 



20 



5a) 



15 5b) 



Compound 



IC50 (nanomolar) 



Butanediamide, n1- [3- [ [ [ (1,1- 
dimethylethyl ) aitdno] carbonyl ] (3,3- 
dimethylpropyl ) amino] - 2 -hydroxy- 1- 

(phenylinethyl ) propyl ] -2- [ (N- 
benzyloxycarbonyDamio] , 

[1S-[1R*(R*) ,2S*] ]- 

Butanediamide, N^- [3- [ [ [ (1, 1- 
dimethylethyl) amino) carbonyl] (3,3- 
dimethylpropyl ) amino] - 2 -hydroxy- 1 - 
(phenylmethyl ) propyl ] -2 - [ ( 2- 
quinolinylcarbonyl ) amino] - , 
[1S-[1R*(R*),2S*]]- 



18 



3.7 



6) . Propanamide, N-[3-[[[(l,l- 

dimethylethyl) amino] car3x)nyl] 
( 3 -methy Ibuty 1 ) amino ] - 2 -hydroxy- 1 - 
25 (pheny Imethy 1) propyl] - 2 -methy 1-3- 

(methylsulfonyl)-, [1S-[1R*(R*) , 

2S*]]- 

7) Propanamide, 3- (acetylamino) -N- [3- 

30 [ [ [ (11, -dimethylethyl) amino] carbonyl] 

( 3 -me tl-iy Ibuty 1 ) aiaino ] - 2 - liy dro;cy- 1 - 
( pheny imethy 1 ) propyl ] - 2 -methyl - , 
[1S-[1R*(S*),2S*]]- 

35 8) Propanamide, 3- (4-methoxyben2yloxy- 
carbonyl) amino-N- [3- [ [ [ ( 11, -dime thy 1- 
ethyl ) amino] carbonyl ] ( 3 -me thy Ibuty 1 ) 
amino] -2-hydroxy-l- (phenyJjnetlTyl) 
propyl] -2-methyl-, [1S-[1R*(S*) ,2S*'] ]■ 



29 



100 



i 



■ 

1 
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TABLE 16 (Cont'd.) 



Compound IC50 (nanomolar ) 



9) Butanediamide, N^-- (2-hydroxy-3- [ (4- 
fluorophenylmethyl) ( 1 -pyrrol idinyl- 

10 carbonyl ) amino] -1- d-'^enyimethyl ) 

propyl] - 2- [ (2-quinolinylcarbonyl) 
amino]-, [IS- [IR* (R*) , 2S''] ]- 7 

10) Butanediamide, n1- [3- [ [ [ {1, 1- 

15 dimethylethyl ) amino] carbonyl] {3 - 

methy Ibuty 1 ) amino ] - 2 -hydroxy- 1 - 
(phenylmethyl ) propyl ] -2 , 3 , 3- 

trimethyl-, [IS- (IR* (2S*) , 2S*] ] - 12 

20 11) Butanoic acid, 4- [ [3- [ [ [ (1, 1- 
dimethylethyl ) amino] carbonyl] 
(3-methylbutyl) amino] -2-hydroxy-l- 
(phenylmethyl ) propyl] amino-2 , 2 , 
3-trimethyl-4-oxo-, [1S-[1R* (35*) , 

25 25*]]- 8 

12) Butaneamide, 2- (acetylamino) -N- 
[3-[ ( [ {1,1-dimethylethyl) amino] - 
carbonyl] (3-methylbutyl) amino] -2- 

30 hydroxy- 1- (phenylmethyl ) propyl ] - 

3,3-dimethyl-, [IS- [IR* (R*) , 2S*M ] - 18 

13) Butaneamide, 2- [92,2- 

dimetty laminoacetyi ) amino] -N- [ 3 - 
35 [ [ [ (1,1-dimethylethyl) amino] carbonyl] 

(3-methylbutyl) amino] -2-hydroxy-l- 
(phenyimethi^ ) propyl] -3 , 3dimethyl- , [IS- 
[IR*(R*) ,2S*]]- 10 
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The effectiveness of the compounds listed in 
Table 9 were determined in the above- described enzyme assay 
and in a CEM cell assay. 



The HIV inhibition assay method of acutely 
infected cells is an automated tetrazolium based 
colorimetric assay essentially that reported by Pauwles et 
10 al, J. Virol. Methods 20, 309-321 (1988}. Assays were 

performed in 96-well tissue culture plates. CEM cells, a 
CD4+ cell line, were grown in RPMI-1640 medium (Gibco) 
supplemented with a 10% fetal calf serum and were then 
treated with polybrene {2^ig/ml). An 80 ^1 volume of medium 
15 containing 1 x 10^. cells was dispensed into each well of 
the tissue culture plate. To each well was added a lOO^il 
volume of test corrpound dissolved in tissue culture medium 
(or mediiam without test conpound. as a control) to achieve 
the desired final concentration and the cells were 
20 incubated at 37°C for 1 hour. A frozen culture of HIV-1 

was diluted in culture medium to a concentration of 5 x 10 4 
TCIDso per, ml (TCID50 = the dose of virus that infects 50% 
of cells in tissue culture) , and a 20|iL volume of the virus 
sample (containing 1000 TCIDso of virus) was added to wells 
25 containing test compound and to wells containing c \ly 

medium (infected control cells) . Several wells received 
culture medi\jm without virus (uninfected control cells) . 
Likewise, the intrinsic toxicity of the test corrpound was 
determined by adding medium without virus to several wells 
X containing test conpound. In summary, the tissue culture 
plates contained the following experiments: 
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cells Drug '^i^^s 



1. + 

2. + + 

3. - 
ID 4. + 

In experiments 2 and 4 the final concentrations of 
test conpounds were 1, 10, 100 and SCO ^ig/ml. Either 
azidothymidine (AZT) or dideoxyinosine (ddl) was included as a 
15 positive drug control. Test corrpounds were dissolved in DMSO 
and diluted into tissue culture medium so that the final DMSO 
concentration did not exceed 1.5% in any case. EMSO was added 
to all control wells at an appropriate concentration. 

20 Following the addition of virus, cells were 

incubated at 37**C in a humidified, 5% CO2 atmosphere for 7 
days. Test conpounds could be added on days 0, 2 and 5 if 
desired. On day 7, post-infection, the cells in each well 
were resuspended and a lOOp-l sairple of each cell suspension 
25 was removed for assay. A 20|iL volume of a 5 mg/ml solution of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoij :: bromide 
(MTT) was added to each 100|iL cell suspension, and the cells 
were incubated for 4 hours at 27^C in a 5% CO2 environment. 
During this incubation, MTT is metabolically reduced by living 
30 cells resulting in the production in the cell of a colored 
formazan product. To each saitple was added 100|il of 10% 
sodium dodecylsulfate in 0.01 N HCl to lyse the cells, and 
saitples were incubated overnight. The absorbance at 590 nm 
was determined for each sanple using a Molecular Devices 
35 raicroplate reader. Absorbance values for each set of wells is 
compared to assess viral control infection, uninfected control 
cell response as well as test conpound by cytotoxicity and 
antiviral efficacy. 
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TABLE 17 



5 Conpound IC50 EC50 TD50 



butanediamide n1[3- 
[ [ [n-butylairdno] carbonyl] (2- 
methylpropyl ) amino] -2-hydroxy- 
10 1- (phenylmethyl /propyl] -2- 
[ (phenylmethylcarbamoyl) 
amino] , [IS- [1R*(R*) , 2S*]] — . 



940nM 11\M 170- 

180HM 



butanediamide [3- 
15 [ [ [n-butylamino] carbonyl] (2- 
methylpropyl) amino] -2-hydroxy- 

1- (phenylmethyl ) propyl] -2- 

( (2-quinolinylcarbonyl) amino] - 

[1S-[1R*(R*) , 2S*]]-. 126nM 26nM 53|JM 

20 

butanediamide n1 [3- 

[[[ (1, 1 -dime thy 1 ethyl) amino ] - 

carbonyl] (2-phenylethy'l) amino] - 

2- hydroxy-l- {phenylmethyl ) propyl ] - 
25 2- [ (2-quinolinylcarbonyl) amino] 

[1S-[1R* (R*) , 2S*]]-. lOnM 2r:M 13MM 

butanediamide n1[3- 
[ [ [ (1, 1-dimethylethyl ) amino] - 
30 carbonyl] (2-methylpropyl)amino- 

2 -hydroxy- 1- (phenylmethyl ) propyl ] - 
2- [ (2-quiTiolinylcarbonyl) amino] 

[1S-[1R* (R*) , 2S*]]-. 7nM lOnM 6MM 
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TABLE 1 7 frnnt'd.) 



5 Conpound 



ID 



15 



IC50 



EC50 



TD50 



butaneamide, .2-[92,2- 
dimethylaminoacetyl) amino] -N- 
[3- [ [ [ (1,1-dimethylethyl) 
amino ]carbonyl] (3-methylbutyl J 
amino] -2 -hydroxy- 1- {phenylmethyl) 
propyl] -3, 3 -dimethyl-, [IS- 
[IR*(R*),2S*]1-. lOnM 



58nM 



ID 



35' 



20 



25 



30 



35 



Utilizing the procedures set forth above in the 
exairples along with the general description, it is 
conterplated that the compounds listed below and those 
shown in Tables 18 and 19 could be prepared and that such 
coirpounds would have activities as HIV protease inhibitors 
substantially similar to the activities of the conpounds 
set forth in the exartples . 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl]pentylamino] -2-hydroxy-l- 
{pherr/lmetlr/'l) propyl] -2- [ (2-guinolinylcarlDonyl) amino] 
[lS-tlR*(R*),2S*]]- 

Butanediamide, n1-.[3- [ [ [ {1, 1- 

dimethylethyl) amino] carbonyl]hexylamino] -2-hydroxy-l- 
(phenylmethyl) propyl] -2- [ (2-guinolinylcarbonyl) amino] -, 
[1S-[1R*(R*) ,2S*]]- 

Propanamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyljbutylamino] -2-hydroxy-l- 
(phenylmethyl ) propyl ] -2-methyl-3 -- (methylsulf onyl ) - , [ IS- 
[IRMR*), 2S*])- 



20 



25 



30 



35 
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Propanamide, N-[3-[[[(l,l- 

dimethylethyl ) amino] carbonyl ] (phenylmethyl) amino] -2- 
hydroxy-1- (phenylmethyl ) propyl ] -2 -methyl -3- 
5 (methylsulfonyl) [IS- [IR* (R* ) , 2S*]]- 

Propanamide, N- [3- [ [ [ (1, l-dimethylethyl)ainino]carbonyl] {4- 
f luorophenylmethyl ) amino ) -2 -hydroxy- 1- 

( phenylmethyl ) propyl ] - 2 -methyl - 3 - { methy Isul f onyl ) - , [ 1 S- 
10 [1R*(R*), 2S*]]- 

Propanamide, N- [3- [[[ (1, 1- dime thy lethyl) amino] carbonyl ] (4- 
methoxyphenylmethyl) amino] -2-hydroxy-l- 
( phenylmethyl ) propyl ] - 2 -methyl - 3 - ( methyl sul f ony 1 ) - , [IS- 
IS [1R*(R*), 2S*]]- 

Propanamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (cyclohexylmethyl) amino] -2- 
hydroxy-1- {phenylmethyl ) propyl] -2-methyl-3- 
20 (methylsulfonyl)-, [IS- [IR* (R*) , 2S*]]- 

Propanamide, N- [3- [[ [ (1, 1-dimethylethyl) amino] carbonyl] (3- 
methylbutyl) amino] -2-hydroxy-l- (cyclohexylmethyl ) propyl ] -2 - 
methyl-3- (methylsulfonyl)-, [IS- [IR* (R*) , 2S*]]- 

25 

Butanediamide, n1- [2-hydroxy-3- [ (3-methylbutyl) (1- 
pyrrolidinylcarbonyl) amino] -1- (phenylmethyl) propyl] -2 - [ (2- 
quinolinylcarbonyl) amino]-, [IS- [IR* (R*) ,2S*] ]- 

30 Butanediamide, n1- [2 'hydroxy-3- [ (3-methylbutyl) (1 - 

pyrrol idinylcarlDonyl ) amino] -1- ( 4 - f luorophenylmethyl ) - 
propyl] -2- [ (2-quinolinyl carbonyl ) amino] - , [IS- 
[1R*(R*),2S*-]]- 

35 Butanediamide, n1- [2-liydroxy-3- [ (3-methylbutyl) (1- 

■pyrrolidinylcarbonyl) amino] -1- (cyclohexylmethyl ) propyl] -2- 
[ (2-quinolinylcarbonyll amino]-, [IS- [IR* (R*) ,2S*] )- 
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Butanediamide , n1- [2-hydro>:y-3- [ (phenylmethyl) (4- 
morpholinylcarbonyl) amino) -1- ( phenylmethyl) propyl] -2- [ (2- 
guinolinylcarbonyl) amino)-, [1S-[1R* (R*) ,2S*] )- 

5 Butanediamide, N^- [2-hydroxy-3- [ {3-methylbutyl) (1- 

piperidinylcarbonyl) amino] -1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino]-, [IS- [IR* (R*) ,2S''] ]- 

Butanediaxrdde, N^-- [2-hydroxy-3- [ (phenylmethyl) (1- 
10 piperidinylcarbonyl) amino] -1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino]-, [1S-[1R* (R*) ,2S*] ]- 

Butanediamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] butyl amino] - 2 -hydroxy- 1- 
15 (phenylmethyl ) propyl ] -2 , 3 , 3- trimethv'l- , [ IS- 
[IR* (25*) ,2S*] ]- 

Butanediamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (phenylmethyl) amino] -2- 
20 hydroxy-1- (phenylmethyl)propyl) -2,3, 3-trimethyl- , [IS- 
[1R*(2S*) ,2S*]]- 

Butanediamide , N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] {4-fluorophenyir:.ethyl) amino] - 
25 2-hydroxy-l-(phenylmethyl)propyl]-2,3,3-trirr/ •::Tyl-, [IS- 
[1R*(2S*),2S*]]- 

Butanediamide, N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (cyclohexylmethv^l) amino] -2- 
.30 hydroxy-1- (phenylmethyl)propyl] -2, 3, 3-trimethyl-, [IS- 
[1R*(2S*) ,2S*]]- 

. Butanediamide, N- [3- [ [ [ (1, 1- 

dimethyl ethyl ) amino] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
35 hydroxy-1- (cyclohexylmetliyl) propyl] -2,3 , 3-trimethyl- , [IS- 
[1R*(2S*) ,2S*]]- 
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Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl ] butyiamino] -2-hydroxy-l- 
(pheny Imethyl) propyl )ainino-2, 2, 3-trimethyl-4-oxo-, [IS- 
[1R*(3S*),2S*]]- 



10 



15 



20 



25 



Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (phenylmethyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl) amino-2, 2 , 3-trimet:hyl-4- 
OXO-, [1S-[1R*{3S*) ,2S*] ]- 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethyle thy 1 ) amino ] carbonyl ] { 4 - f luoropheny Imethy 1 ) amino ] - 
2-hydroxy-l- (phenylmethyl) propyl] amino -2, 2 , 3-trimethyl-4- 
OXO-, [1S-[1R* (3S*) ,2S*] ]- 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] ( cyclohexy Imethy 1 ) axrdno] -2- 
hydroxy-1- (phenylmethyl) propyl] amino-2, 2 , 3-trimethyl-4- 
OXO-, [1S-[1R*{3S*) ,2S*] ]- 
Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] - 2- 
hydroxy-1- ( cyclohexy Imethy 1) propyl] -3 , 3-dimeth^^l [13- 
[1R*(R*) ,2S*]]- 



30 



Butaneamide, 

2- (acetylamino) -N- [3- [[[(1,1- 

dimethylethyl) amino] carbonyl] butyiamino] -2-hydroxy-l- 
(phenylmethyl)propyl] -3, 3 -dimethyl-, [1S-[1R'^ (RM ,2S*] ]- 



35 



Butaneamide, 

2- (acetylamino) -N- [3 - [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl ] (phenylmethyl ) amino] - 2- 
hydroxy-1- (phenylmethyl) propyl] -3 , 3-dimethyl- , [IG- 
[1R*(R*) ,2S*]]- 
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.ButanearaidG, 

2- (acetylamino) -N- [3- I [ [ (1, 1- 

dimethylethyl ) amino] carbonyl ] ( cyclohexylmethyl ) amino ] -2 - 
hydroxy-1- (phenylmethyl) propyl] -3 , 3-dimethyl- , [IS- 
5 [1R*(R*),2S*]]- 

Butaneamide, 

2- [ (2,2-dimethyiaminoacetyl)amino]-N- [3- I [ [ (1, 1- 
diinethylethyl) amino] carbonyl] (3-methylbutyl)amino] - 2- 
Ifl hydroxy- 1 - ( pheny Ime thy 1 ) propyl ] - 3 -met hy 1 - , [ 1 S - 
[1R*(R*) ,2S*] ]- 

Butaneamide, 

2- [ (2,2-dimethylaminoacetyl)amino]-N- [3 - ; [ [ (1, 1- 
15 dimethylethyl) amino] carbonyl] (3-methylbutyl.) amino] -2- 
hydroxy-1- (cyclohexylmethyl) propyl] -3 , 3-dimethyl-, [IS- 
[1R*{R*) ,2S*]]- 

Butaneamide, 

20 2-[ (2,2-dimethylaminoacetyl)amino]-N- [3- [ [ [ (1,1- 

dimethylethyl) amino )carbonyl]butylamino] -2-hydroxy-l- 
(phenylmethyl ) propyl ] -3 , 3-dimethyl- , [IS- [ IR* (R* ) . 2 S* ] ] - 

Butaneamide, 

25 2-[ (2,2-dimethylaminoacetyl}amino)-N- [3- [ t : \1,1- 

dimethylethyl ) amino] carlDonyl ] (phenylmethyl ) amino] - 2- 
hydroxy-1- (phenylmethyl) propyl] -3 , 3-dimethyl- , [IS- 
[IRMR*) ,2S*]]- 

30 Butaneamide, 

2- [ (2,2-dimethylaminoacetyl)amino]-N- [3- ( [ ( (1,1- 
dimethylethyl) amino] carbonyl] (4-f luoropheny Ime thy 1) amino] - 
2-hydroxy-l- (phenylmethyl ) propyl] -3,3 -dimethyl- , [ IS- 
[1R*(R*; ,2S*]]- 



35 
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Butaneamide, 

2- [ (2, 2-dimethylaminoacetyl) amino] -N- [3- [[[{1,1- 
dimethy le thy 1 ) amino ] carbony 1 ] ( cy clohexy Ime t hr/1 ) amino ] - 2 - 
hydroxy-1- (phenylmethyl) propyl] -3, 3 -dimethyl-, [IS- 
5 [1R*(R*) ,2S*]]- 

TABLE 18 




R2 R3 



20 



25 



30 



35 



t-Butyl 


Benzyl 


p-Fluorobenzyl 


i-Butyl 


Benzyl 


i-Amy 1 


i-Propyl 


Benzyl 


i-Amy 1 


Propargyl 


Benzyl 


i-Amy 1 


t-Butyl 


Benzyl 


i-Amy 1 


t-Butyl 


Benzyl 


Benzyl 


t-Butyl 


Benzyl 


n-Butyl 


sec-Butyl 


Benzyl 


i-Any 1 


C(CH3)2(SCH3) 


Benzyl 


i-Ar..y 1 


t-Butyl 


p-Fluorobenzyl 


p-Methoxybenzyl 


i-Butyl 


p-Fluorobenzyl 


i-Amyl 


i-Propyl 


p-Fluorobenzyl 


i-Amyl 


Propargyl 


p-Fluorobenzyl 


i-Amyl 


t-Butyl . 


p-Fluorobenzyl 


i-Amyl 


t-Butyl 


p-Fluorobenzyl 


Benzyl 


t-Butyl 


p-Fluorobenzyl 


n-Butyl 


sec-Butyl 


Benzyl 


i-Amyl 


C(CH3)2(SCH3) 


Benzyl 


i-Amyl 


t-Butyl 


Cyclohexylmethyl 


p-Fluorobenzyl 


i-Butyl 


Cyclohexylmethyl 


i-Amyl 


i-Prcpyl 


Cyclohexylmethyl 


i-Amyl 


Propargy! 


Cyclohexylmethyl 


'-Amy 1 
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TABLE 18 fConfd.) 



5 


R1 


R2 


R3 




t-Butyl 


Cyclohexylmethyl 


i-Amyl 




t-Butyl 


Cyclohexylmethyl 


Benzyl 


ID 


t-Butyl 


Cyclohexylmethyl 


n-Butyl 




sec-Butyl 


Cyclohexylmethyl 


i-Amyl 




C(CH3)2(SCH3) 


Cyclohexylmethyl 


i-Amyl 




t-Butyl 


n-Butyl 


Cyclohexylmethyl 




i-Butyl 


n-Butyl 


i-Amyl 


15 


i-Propyl 


n-Butyl 


i-Amyl 




Propargyl 


n-Butyl 


i-Amyl 




t-Butyl 


n-Butyl 


i-Amyl 




t-Butyl 


n-Butyl 


Benzyl 




t-Butyl 


n-Butyl 


n-Butyl 


20 


sec-Butyl 


n-Butyl 


i-Amyl 




C(CH3)2(SCH3) 


n-Butyl 


i- Amyl 



15 



] 20 
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R1 


R2 


R3 


10 










methyl 


methyl 


methyl 




benzyl 


methyl 


methyl 




hydroxymethyl 


methyl 


methyl 




1-hydroxyethyl 


methyl 


methyl 


15 


hydrogen 


methyl 


ethyl 




hydrogen 


methyl 


benzyl 




hydrogen 


r2 + r3 = imidazole 





20 The conpounds of the present invention are 

effective antiviral conpounds and, in particular, are 
effective inhibitors of retroviruses, particularly, 
lentroviruses as shovm above. Tnus, the subject "ompounds 
are effective inhibitors of KT^. It is conteirpicited that 

25 the subject conpounds will also inhibit other strains of 
HIV, such as HIV-2 and other viruses such as, for exanple, 
human T-cell leukemia virus, feline leukemia virus, simiam 
immunodeficiency virus, respiratory syncitial virus, 
hepadnavirus, cytomegalovirus and picomavirus. Thus, the 

30 subject conpounds are effective in the treatment and/or 
proplylaxis of retroviral infections. 



35 



Conpounds of the present can possess one or more 
asymmetric carbon atoms and are thus capable of existing in 
the form of optical isomers as well as in the form, of 
racemic or nonracemic mixtures thereof. The optical 
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1 



WO 



isomers can be obtained by resolution of the racemic 
mixtures according to conventional processes, for exairple 
by formation of diastereoisomeric salts by treatment with 
an optically active acid or base. Exairples of appropriate 
5 acids are tartaric, diacetyl tartaric, dibenzoyltartaric, 
ditoluoyltartaric and cairphorsulfonic acid and . then 
separation of the mixture of diastereoisomers by 
crystallization followed by liberation of the optically 
active bases from these salts. A different process for 

10 separation of optical isomers involves the use of a chiral 
chromatography column optimally chosen to maximize the 
separation of the enantiomers. Still another available 
method involves synthesis of covalent diastereoisomeric 
molecules by reacting conpounds of Formula I with an 

15 optically pure acid in an activated form or an optically 
pure isocyanate. The synthesized diastereoisomers can be 
separated by conventional means such as chromatography, . 
distillation, crystallization or sublimation, and then 
hydrolyzed to deliver the enantiomericaly pure coirpound. 

20 The optically active conpounds of Formula I can likewise be 
obtained by utilizing optically active starting materials. 
These isomers may be in the form of a free acid, a free 
base, an ester or a salt. 



1£ 



25 The conpounds of the present inventic; can be 

used in the form of salts derived from inorganic or organic 
acids. These salts include but are not limited to the 
following: acetate, adipate, alginate, citrate, aspartate, 
benzoate, benzenesulfonate, bisulfate, butyrate, 

X camphorate, cairphorsulfonate. digluconate, 

cyclopentanepropionate, dodecylsulfate, ethanesulfonate, 
glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, 
hexanoate, fumarate, hydrochloride, hydrobromide , 
hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate, 

35 methanesulf onat e , nicot ina te , 2 -naphthalenesulf onate , 
oxalate, palmoate, pectinate, persulfate, 3- 
phenylpropionate, picrate, pivalate, propionate, succinate, 
tartrate, thiocyanate, tosylate, mesylate and urideca-'ioate. 
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Also, the basic nitrogen-containing groups can be 
quatemized with such agents as lower alkyl halides, such 
as methyl, ethyl, propyl, and butyl chloride, bromides, and 
iodides; dialJcyl sulfates like dimethyl, diethyl, dibutyl, 
and diairyl sulfates, long chain halides such as decyl, 
lauryl, rn/ristyl and stearyl chlorides, bromides and 
iodides, aralkyl halides like benzyl and phenethyl 
bromides, and others. Water or oil-soluble or dispersible 
products are thereby obtained. 



Exairples of acids which may be enployed to form 
pharmaceutically acceptable acid addition salts include 
such inorganic acids as hydrochloric acid, sulphuric acid 
and phosphoric acid and such organic acids as oxalic acid, 
15 maleic acid, succinic acid and citric acid. Other exairples 
include salts with alkali, metals or alkaline earth metals, 
such as sodi\am, potassium, calcium or magnesium or with 
organic bases. 
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Total daily dose administered to a host in 
single or divided doses rnay be in airraunts, for exairple, . 
from 0.001 to 10 mg/kg body weight daily and more usually 
0.01 to 1 mg. Dosage unit corrpositions may contain such 
5 aiTOunts of submultiples thereof to make up the daily dose. 

The amount of active ingredient that ma^'' be 
combined with the carrier materials to produce a single 
dosage form will vary depending upon the host treated and 
10 the particular node of administration. 

The dosage regimen for treating a disease 
condition with the conpounds and/or coirpositions of this 
invention is selected in accordance with a variety of 

15 factors, including the type, age, weight, sex, diet and 
medical condition of the patient, the severity of the 
disease, the route of administration, phamacological 
considerations such as the activity, efficacy, 
pharmacokinetic and toxicology profiles of the particular 

20 compound errployed, whether a drug delivery system is 

utilized and whether the conpound is administered as part 
of a drug combination. Thus, the dosage regimen actually 
employed may vary widely and therefore may deviate from the 
preferred dosage regimen set forth above. 

25 

The compounds of the present invention may be 
administered orally, parenterally, by inhalation spray, 
rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutical ly 

30 acceptable carriers, adjuvants, and vehicles as desired. 
Topical administration may also involve the use of 
treinsdermal administration such as transdermal patches or 
iontophoresis devices. The term parenteral as used herein 
includes subcutaneous injections, intravenous, 

35 intramuscular, intrastemal injection, or infusion 
techniques . 
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Injectable preparations, for exanple, sterile 
injectable aqueous or oleaginous suspensions my be 
formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 
5 sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for exanple, as 
a solution in 1 , 3-butanediol . Among the acceptable 
vehicles and solvents that may be enployed are water, 

10 Ringer's solution, and isotonic, sodium chloride solution. 
In addition, sterile, fixed oils are conventionally 
enployed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be enployed including 
synthetic mono- or diglycerides . In addition, fatty acids 

15 such as oleic acid find use in the preparation of 
. injectables. 

Suppositories for rectal administration of the 
drug can be prepared by mixing the drug with a suitiible 
20 nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
tenperatures but liquid at the rectal temperature and will 
therefore melt in the rectum and release the drug. 

25 Solid dosage forms for oral administration may 

include capsules, tablets, pills, powders, and granules. 
In such solid dosage forms, the active cortpound may be 
admixed with at least one inert diluent such as sucrose 
lactose or starch. Such dosage forms may also conprise, as 

30 in normal practice, additional substances other than inert 
diluents,- e.g., lubricating agents such as magnesium 
stearate. In the case of capsules, tablets, and pills, the 
dosage forms may also comprise buffering agents. Tablets 
and pills can additionally be prepared with enteric 

35 coatings . 
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Liquid dosage forms for oral administration may 
include pharmaceutical ly acceptable emulsions, solutions, 
suspensions, syrups, and elixirs containing inert diluents 
commonly used in the art, such as water. Such conpositions 
may also coirprise adjuvants, such as wetting agents, 
emulsifying and suspending agents, and sweetening, 
flavoring, and perfuming agents. 



While the corrpounds of the invention can be 
10 administered as the sole active pharmaceutical agent, they 
can also be used in combination with one or more 
inmunompdulators, antiviral agents or other antiinfective 
agents. For exarrple, the compounds of the invention can be 
administered in combination with AZT or with N-butyl-1- 
15 deoxynojiriirycin for the prophylasis and/or treatment of 
AIDS. When administered as a combination, the therapeutic 
agents can be formulated as separate conposit.ions which are 
given at the same time or different times, or the 
therapeutic agents can be given as a single composition. 

20 

The foregoing is merely illustrative of the 
invention and is not intended to limit the invention to the 
disclosed compounds. Variations and changes which are 
obvious to one skilled in 'the art are intended be within 
25 the scope and nature of the invention which are defined in 
the appended claims. 



H 



From the foregoing description, one 3}:illed in 
the art can easily ascertain the essential characteristics 
30 of this invention, and without departing from the spirit 
and scope thereof, can make various changes and 
modifications of the invention to adapt it to various 
usages and conditions. 
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WHAT IS CLAIMED IS : 

1. A coirpound represented by the formula: 
R2. Y 

5 R6 OH R3 r^ 

wherein A represents radicals represented by formulas: 



R2' Y 




(A2) (A3) 

10 

wherein R represents hydrogen, alkoxycarbonyl , 
aralkoxycarbonyl , alkylcarbonyl , cycloalkylcarbonyl , 
cycloalkylalkoxycarbony.l , cycloalkylalkanoyl , alkanoyl , 
aralkanoyl, aroyl, aryloxycarbonyl, aryloxycarbonylalkyl , 

15 aryloxyalkanoyl , heterocyclylcarbonyl , 

heterocyclylo^carbonyl , heterocyclylalkanoyl , 
heterocyclylalkoxycarbony 1 , heteroaralkoxycarbonyl , 
heteroaryloxycarbonyl , heteroaroyi , heteroaralkanoyl , alkyi , 
aryl, aralkyl, aryloxyalkyl , heteroaryloxyalkyl, 

20 hydroxyallcyl , aminocarbonyl , am:.noalkan.oyl, and mono- and 
disubstituted aminocarbonyl and mono- and disubstituted 
aminoalkanqyl radicals wherein the substituents are selected 
from allcyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
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heteroaryl, heteroara.lkyl, heterocycloalkyl , and 
heterocycloalkyalkyl radicals, or in the case of a 
disubstituted aminoalkanoyl radical, said substituents along 
with the nitrogen atom to which they are attached form a 
5 heterocyclyl or heteroaryl radical; 

R' represents hydrogen and radicals as defined for or R 
and R' together with the nitrogen to which they are attached^ 
form a heterocycloalkyl or heteroaryl radical, or when A is 

10 Al, R' represents hydrogen, radicals as defined for R^ and 
arakloxycarbonylalkyl and aminocarbonylalkyl and 
aminocarbonyl radicals wherein said amino group may be mono- 
of disubstituted with subsituents selected form alkyl, aryl, 
aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, 

15 heteroaralkyl, heterocycloalkyl and heterocycioalkylalkyl 
radicals; 



ID 



15' 



t represents O or 1; 



20 r1 represents hydrogen, -CH2SO2NH2/ -CO2CH3, -CONHCH3, 
-CON(CH3)2, -CH2C(0)NHCH3, -CH2C (0)N (CH3 ) 2 / -CONH2 , 
-C(CH3)2(SCH3), -C (CH3 ) 2 (S [0] CH3 ) , -C (CHs) 2 (S [0] CH3 ) , alkyl, 
haloalkyl, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from asparagine, S-methyl 

25 cysteine and the corresponding sulfoxide and 2 Ifone 

derivatives thereof, glycine, leucine, isoleucme, allo- 
isoleucine, tert-leucine, phenylalanine, ornithine, alanine, 
histidine, norleucine, glutamine, valine, threonine, serine, 
aspartic acid, beta-cyano alanine, and allothreonine side 

30 chains ; 



20 



r1' and r1" independently represent hydrogen and radicals 
as defined for Rl,or one of r1' and r1", together with r1 
and the carbon atoms to which they are attached, represent 
35 a cycloalkyl radical; 
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r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals cptionally substituted with a group 
selected from -N02/ -0R9/ -Sr9, and halogen radicals, 
wherein represents hydrogen and alkyl radicals; 

5 . 

r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl , 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heteroaryl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroaralkyl, aminoalkyl and mono- and disubstituted 

10 aminoalkyl radicals, wherein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloalkyl, and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 

15 with Lne nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

X' represents 0, N and C(Ri'7) wherein R^'^ represents 
hydrogen and alkyl radicals; 

20 

Y, Y' and Y" independently represent 0 and S; 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3, or R^ and r5 together with the nitrogen atom 
25 to which they are bonded represent heterocycloalk\.',. -znd 
heteroaryl radicals; 

R^ represents hydrogen and alkyl radicals; 

30 r20, r21^ r30, r31 and r32 represent radicals as defined 
for r1, or one of r1 and R^O together with one of r31 and 
r32 and the carbon atoms to v^iich they are attached form a 
cycloalkyl radical; or r30 and r32 together with the carbon 
atoms to vdiich they are attached form a three to six- 

35 membered cycloalkyl radical; and 



wo 93/23368 



PCr/US93/04806 



160 

r33 and r34 independently represent hydrogen and radicals 
as defined for r3, or r33 and r34 together with X' 
represent cycloaDc^^l, aryl, heterocyclyl and heteroaryl 
radicals, provided that vs^en X' is O, r34 is absent. 

5 

2 . Compound represented by the formula : 

Y' R2 Y 
RN(CR^R^),.0 \ ^ X ^RS 

" H OH R^ 

10 wherein; R represents alkoxycarbonyl, aralkoxycarbonyl, 
alky Icarbonyl , cycloalkylcarbonyl , 

cycloalkylalkoxycarbonyi , cycloalkylalkanoy 1 , alkanoyl , 
cycloalkanoyl , eye loalkyl alkanoyl , aralkanoy 1 , aroyl , 
ar^'-loxycarbonyl , ary loxycarbonylalkyl , aryloxyalkanoyl , 

15 heterocyclocarboni'l , heterocyclyloxycarbonyl , heterocyclyl , 
alkanoyl , heterocyclylalkoxycarbonyl , heteroaralkanoyl , 
heteroaralkoxycarbonyl, heteroaryloxycarbonyl, heteroaroyl, 
alkyl, alkenyl, cycloalkyl, aryl, aralkyl, aryloxyalkyl, 
heteroaryloxyalky 1 , hydroxyalkyl , aminocarbonyl , and 

20 aminoalkanoyl radicals, and niono- and disubstituted 

aminoalkanoyl and mono- and disubstituted airdnocarbonyl 
radicals wherein the substituents are selected from alkyl, 
aryl, aralkyl, cycloalkyl, cycloalkylalkyl , n- Li^roaryl, 
heteroaralkyl, heteroalkyl, heterocycloalkylalkyl radicals, 

25 or where said aminoalkanoyl radical is disubstituted, said 
substitutents along with the nitrogen atom to which they 
are attached, form a heterocycloalkyl or heteroaryl 
radical ; 

30 R' represents hydrogen and radicals as defined for r3, or R 
and R' together with the nitrogen to which they are 
attached fom\ a heterocycloalkyl or heteroaryl radical; 

r1 represents hydrogen, -c:H2S02NH2, -CH2CO2CH3, -CO2CH3, 
35 -CONH2, -ai2C(0)NHCH3, -C(CH3)2(SCH3) , -C (CH3 ) 2 (S [0] CH3 ) , 
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-C(CH3)2 (S [0]2CH3) , alk>'l, haloalkyl, alkenyi, alkynyl and 
cycloalkyl radicals, and amino acid side chains selected 
from asparagine, S-methyl cysteine and the sulfoxide (SO) 
and sulfone (SO2) derivatives thereof, isoleucine, 
5 allo-isoleucine, alanine, leucine, tert-leucine, 

phenylalanine, ornithine, histidine, norleucine, glutamine, 
threonine, glycine, alio- threonine, serine, aspartic acid, 
beta-cyano alanine and valine side chains; 

10 r1' and Ri" independently represent hydrogen and radicals 
as defined for R^; 

r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl , 
and aralkyl radicals, which radicals are optionally 
15 substituted with a group selected from halogen radicals and 
N02/ -0r9 and SR9 wherein r9 represents hydrogen and alkyl 
radicals ; 



23 



25 



■30 



35 



r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl, 
alkojq^alkyl , cycloalkyl , cycloalkylalkyl , heterocycloalkyl , 
heteroaryl, heterocycloalkylalkyl, aryl, aralkyl, 
heteroaralkyl, aminoalkyl asid mono- and disubstituted 
aminoalkyl radicals, v^erein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalki/lalkyl, 
heteroaryl, heteroaralkyl, heterocycloalkyl', ^. .d 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 
with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

r4 and r5 independently represent hydrogen and radicals as 
defined by r3, or together with the nitrogen atom to which 
they are bonded represent a heterocycloalkyl or heteroaryl 
radical; 

t represents 0 or 1; and 
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Y and Y' independently represent 0 and S. 

3. Coirpound of Claim 2 wherein R represents 
aralkoxycarbonyl and heteroaroyl radicals. 

4. Coirpound of Claim 2 wherein R represents 
carbobenzoxy, 2-ben2ofurancarbonyl and 2-CTjinolinylcarbonyl 
radicals . 



V\0 



10 5. Conpound of Claim 2 wherein R represents 

carbobenzoxy . 



10 



15 



20 



6. Coirpound of Claim 2 wherein R represents 2- 
quinolinylcarbonyl and 2-benzof urancarbonyl radicals. 

7. Coirpound of Claim 2 wherein R^ represents 
alkyl, alkenyl and alkynyl radicals, and amino acid side 
chains selected from the group consisting of asparagine, 
valine, threonine, alio- threonine, isoleucine, S-methyl 
cysteine and the sulfone and sulfoxide derivatives thereof, 
alanine, and alio- isoleucine. 



2 



8. Conpound of Claim 2 wherein r1 represents 
methryl, propargyl, t-butyl, isopropyl and" sec-butyl 
radicals, and amino acid side chains selecte^ from the 
group consisting of asparagine, valine, S-methyl cysteine, 
allo-iso-leucine, iso-leucine, threonine, serine, aspartic 
acid, beta-cyano alanine, and allo-threonine side chains. 



30 9. Coirpound of Claim 2 wherein r1 represents 

methyl and t-butyl radicals. 



35 



10. Conpound of Claim 2 wherein R^ represents a 
t-butyl radical when t is 0. 
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11. Conpound of Claim 2 wherein r1 represents 
amino acid side chains selected from asparagine, valine, 
alanine and isoleucine side chains. 

5 12. Conpound of Claim 2 v^erein r1 represents 

amino acid side chains selected from asparagine, iso- 
leucine and valine side chains. 

13. Conpound of Claim 2 wherein r1 represents 
10 an asparagine side chain. 

14. Conpound of Claim 2 wherein r1 represents a 
t -butyl radical and an asparagine side chain. 

15 15. Conpound of Claim 2 wherein R^ represents a 

methyl radical v;hen t is 1. 

16. Conpound of Claim 2 wherein t is 0. 

20 17. Conpound of Claim 2 wherein t is 1. 

18. Conpound of Claim 2 wherein r2 represents 
alkyl, cycloalkylalkyl and aralkyl radicals, which radicals 
are optionally substituted with halogen radicals and 
25 radicals represented by the fomtala -Or9 and -SR-- v;herein 
r5 represents hydrogen and alkyl radicals. 

,19. Conpound of Claim 2 wherein r2 represents 
alkyl, cycloalkylalkyl and aralkyl radicals. 

30 

• 20, Conpound of Claim 2 wherein r2 represents 
aralkyl radicals . 



35 



21. Conpo'and of Claim 2 wherein r2 represents 
CH33CH2CH2-, iso-butyl, n-butyl, benzyl, 4-f luorcbcinzyl, 2- 
naphthylmethyl and cyclohexylmethyl radicals. 
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22. Conpound of Claim 2 wherein r2 represents 
an n-butyl and iso-butyl radicals. 

2.3. Compound of Claim 2 wherein r2 represents 
5 benzyl, 4-f luorobenzyl and 2-naphthylmethyl radicals. 

24. Compound of Claim 2 wherein r2 represents a 
cyclohexylmethyl radical. 

25. Coirpound of Claim 2 wherein r3, r4 and r5 
independently represent alkyl, alkenyl, hydroxyalkyl , 
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkylalkyl, aryl, aralkyl and heteroaralkyl 
radicals. 

15 

26. Corrpound of Claim 25 wherein r5 represents 

hydrogen . 

27. Conpound of Claim 25 wherein B? and r4 
20 independently represent alkyl and alkenyl radicals . 

28. Conpound of Claim 26 wherein r3 and R^ 
independently represent alkyl and hydroxyalkyl radicals. 

25 .29. Conpound of Claim 26 wherein r3 and i ■■■ 

independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

30. Conpound of Claim 26 wherein r3 and r4 
30 independently represent alkyl, heterocycloalkyl and 

heterocycloalkylalkyl radicals. 

31. Conpound of Claim 26 wherein r3 and R^ 
independently represent alkyl, aryl and aralkyl radicals. 

35 
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32. Conpound of Claim 26 wherein represents 
a t-butyl, ethyl, isopropyl and 1, l-dimethylpropyl 
radicals . 

5 33. Conpound of Claim 2 wherein r3 represents 

alkyl radicals having from about 2 to about 5 carbon atoms. 

34. Compound of Claim 2 wherein r3 represents 
n-pentyl, n-hexyl, n-propyl, i-butyl, neo-pentyl, i-airyl, 

10 and n-butyl radicals. 

35. Compound of Claim 2 wherein r3, r4 and r5 
independently represent alkyl radicals having fron about 2 
to about 5 carbon atoms, cycloalkylalkyl radicals, aralkyl 

15 radicals, heterocycloalkylalkyl radicals and heteroaralkyl 
radicals . 

36. Compound of Claim 2 wherein R^ represents 
benzyl, para-f luorobenzyl, para-methoxybenzyl, para- 

20 methylbenzy 1 , and 2-naphthylmethyl radicals and R^ 
represents t-butyl. 

37. Compound of Claim 2 wherein R^ is 
cyclohexylmethyl and R^ is t-butyl . 



25 



38. Corrpound of Claim 2 wherein R^ is i-airr/l 
and r4 is t-butyl. 



39. Conpound of Claim 2 wherein R^ is i-butyl 
30 and R^ is t-butyl. 

40. Conpound of Claim 2 wherein R^ is n-butyl 
and r4 is t-butyl. 



35 41. Compound of Claim 2 wherein R^ is neo- 

pentyl and R^ is t-butyl. 
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42. Coixpound of Claim 2 wherein represents 
alkyl and cycloalkyl radicals. 

43. Conpound of Claim 2 wherein r5 represents 
5 hydrogen and alkyl and cycloalkyl radicals. 

44. Compound of Claim 2 wherein r4 ,md r5 
together with the nitrogen to which they are bonded 
represent pyrrolidinyl , piperidinyl, morpholinyl, and 

10 piperazinyl radicals. 

45. Compound of Claim 2 v^erein R^ represents 
heteroaralkyl radicals and R^ is t-butyl. 

15 46. Coirpound of Claim 2 wherein r3 is a p- 

fluorobenzyl radical and R^ is a t-butyl radical. 

47. Compound of Claim 2 wherein r3 is a 4- 
pyridylmethyl radical or its N-oxide and R^ is a t-butyl 

20 radical . 

48. Conpound of Claim 2 wherein R ^ and R^ 
together with the nitrogen atom to which they are attached 
represent a 5 to 8-membered heterocyclic or 

25 heterobicyclicalkyl radical. 

49. Compound of Claim 2 wherein R^= and r5 
together with the nitrogen atom to which they are attached 
represent a 5 to 8-membered heterocyclyl radical, 

30 optionally substituted with an alk^d radical having from 1 
to about 3 carbon atoms. 

50. Corrpound of Claim 2 wherein R^ and rI* are 
both hydrogen and R^" represents an alkyl radical having 

35 from 1 to about 4 carbon atoms. 
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51. Confound of Claim 2 wherein r1 and Rl ' are 
both hydrogen and r1" represents -CH2SO2NH2, CO2NH2, 
CO2CH3, alkyl, alkynyl and cycloalkyl radicals and amino 
acid side chains selected from asparagine, S-methr/l 
5 cysteine and the sulfone and sulfoxide derivatives thereof, 
histidine, norleucine, glutamine, glycine, allo-isoleucine, 
alanine, threonine, isoleucine, leucine, tert-leucine, -- 
phenylalanine, ornithine, alio- threonine, serine, aspartic 
acid, beta-cyano alanine and valine side chains 

10 

52. Conpound of Claim 2 where t is 0 and r1 
represents the amino acid side chain of asparagine. 

53. Conpound of Claim 52 v^ere R represents a 
15 heteroaroyl radical. 

54. Compound of Claim 52 v^ere R represents a 
2-quinolinylcarborr/l or 2-benzofurancarbonyl radical. 

20 55. Conpound of Claim 2 where t is C and Rl 

represents a t-butyl or propargyl radical or an amino acid 
side chain of valine or isoleucine. 



30 



35 



56. Compound of Claim 55 where R repr--.5:;ents an 
arylalkanoyl, aryloxycarbonyl , alkanoyl, aminoca:; -onyl, 
mono-substituted aminoalkanoyl, disubstituted 
aminoalkanoyl, or rrono-or dialkylaminocarbonyl radicals. 

57. Conpound of Claim 55 where R represents an 
arylalkanoyl, aryloxycarbonyl or alkanoyl radical. 

58. Conpound of Claim 55 where R represents an 
aminocarbonyl radical, a monosubstituted aminoalk-ano^^l 
radical or disubstituted aminoalkanoyl radical. 
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59. Compound of Claim 55 where R represents 
acetyl, N, N-dimethylaminoacetyl or N-benzyl-N- 
xnethylaminoacetyl . 

5 60. Compound of Claim 2 where t is 1 and r1 is 

a methyl radical. 



WO* 



61. Corrpound of Claim 60 where R represents an 
alkanoyl, arylalkanoyl , aryloxyalkanoyl or 
10 arylalkyloxylcarbonyl radical. 



ID 



62. Coirpound of Claim 60 where R represents a 
phenoxyacetyl, 2-naphthyloxyacetyl, benzyloxycarbonyl or p- 
methoxybenzyloxycarbonyl radical. 

15 

63. Conpound of Claim 2 wherein t is 1, r1 and 
r1' are both hydrogen and r1" is CONH2. 

64. Coirpound of Claim 60 where R represents an 
20 aminocarbonyl or an alkylaminocarbonyl radical, 

65. Corrpound of Claim 60 where R represents an 
N-methylaminocarbonyl radical. 

25 66. A pharmaceutical coirposition ccmpr sing a 

coirpound of Claim 1 and a pharmaceutically acceptable 
carrier. 

67. A pharmaceutical coirposition conprising a 
30 corrpound of Claim 2 and a pharma.ceutically accepcable 

carrier. 

68. Method of inhibiting a retroviral protease 
corrprising administering- a protease inhibiting aniount of a 

35 coirposition of Claim 66. 



15 
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69. Method of Claim 68 wherein the retroviral 
protease is HIV protease. 

70. Method of treating a retroviral infection 
5 corrprising administering an effective aitiount of a 

coinposition of Claim 66. 

71. Method of Claim 70 wherein the retroviral 
infection is an HIV infection. 

10 

72. Method for treating AIDS comprising 
administering an effective amount of a conposition of Claim 
66. 

35 73. Method of inhibiting a retroviral protease 

comprising administering a protease ini-dbiting amount of a 
composition of Claim 67 . 

74. Method of Claim 73 wherein the retroviral 
20 protease is HIV protease. 

75. Method of treating a retroviral infection 
corrprising administering an effective amount of a 
conposition of Claim 67 . 

25 

76. Method of Claim 75 wherein the retroviral 
infection is an HIV infection. 

77. Method for treating AIDS conprising 

.30 administering an effective atno'jnt of a conposition of Claim 
67. 

78. Conpound represented by the formula: 
O. JD r20^ r2i r R2 y 



■(CH2) .-^^^^^ 



25 H OH R-^ R* 
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15 



20 



wherein R' represents alkyl, alkenyl, hydroxyalkyl , 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heterocycloalkylalkyl, aryl, aralkyl, aralkoxycarbonylalkyl, 
heteroaralkyl, aminoalkyl and aminocarbonylalkyl radicals, 
wherein the amino group of said aminoalkyl and 
aminocarbonylalkyl radicals may be mono- or di-substituted 
with substitutents selected from alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylalkyl, heteroaryl and heteroaralkyl 
radicals; 

r1 represents hydrogen, -CH2SO2NH2, -CO2CH3, -CONHCH3, 
-CON(CH3)2, -CH2C(0)NHCH3, -CH2C (0) N (CH3 ) 2 , -CCNH2 , 
-C(CH3)2{SCH3), -C (CH3 ) 2 (S [C]CH3 ) , -C (CH3 ) 2 f S [O] CH3 ) , alkyl, 
ha..oalkyl, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from asparagine, S-methyl 
cysteine and the corresponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleucine, allo- 
isoleucine, tert-leucine, phenylalanine, ornithine, alanine, 
histidine, norleucine, glutamine, valine, threonine, serine, 
aspartic acid, beta-cyano alanine, and allothreonine side 
chains ; 



ID 



15 



3D 



25 



30 



35 



r2 represents alkyl, aryl, c^^cloalkyl, cycloalkv-lalkyl and 
aralkyl radicals optionally substituted with a c -up 
selected from -Or9, -sr9, and halogen radicals, wherein r9 
represents hn^drogen and alkyl radicals; 

r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl , 
alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl , 
heteroaryl, heterocycloalkylal]^l, aryl, aralkyl, 
heteroaralkyl, aminoalkyl and mono- and disubstituted 
aminoalkyl radicals, v^erein said substituents are selected 
from alkyl, aryl, araDcyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloalkyl, and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents alona 



30 



35 
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with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 

r4 and r5, independently represent hydrogen and radicals as 
5 defined by r3, or r4 and r5 together with the nitrogen atom 
to which they are bonded represent heterocycloalkyl and 
heteroaryl radicals; and 

r20 and r21 represent radicals as defined for Rl;.and 
10 y and Y' independently represent 0 and S. 

79. Conpound of Claim 78 wherein t is O. 

80. Compound of Claim 78 wherein r1 represents 
15 hydrogen, alkyl and alkynyl radicals. 

81. Conpound of Claim 78 wherein r1 represents 
alJcyl radicals having from 1 to about 4 carbon atoms and 
alkenyl radicals having from 3 to 8 carbon atoms. 

20 

82. Conpound of Claim 78 herein r1 represents 
methyl, ethyl, isopropyl and t-butyl radicals. 

83. Conpound of Claim 78 wherein r20 and R^^- 
25 independently represent hydrogen and alkyl radials. 

84. Conpound of Claim 78 wherein r20 and r21 
independently represent hydrogen and methyl radicals. 

30 85. Conpound of Claim 78 wherein r20 is 

hydrogen and r21 is an alkyl radical. 

86. Conpound of Claim 78 wherein R' represents 
alkyl , aryl and aralkyl radicals . 

35 
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87. Corrpound of Claim 78 wherein R" is selected 
from methyl and phenethyl radicals. 

88. Compound of Claim 78 wherein r2 represents 

5 alkyl, cycloalkylalkyl and aralkyl radicals, which radicals 
are optionally . substituted with halogen radicals and 
radicals represented by the formula -OR^ and -3R9 wherein 
r9 represents hydrogen and alkyl radicals. 

10 89. Corrpound of Claim 78 wherein r2 represents 

alkyl, cycloalkylalkyl and aralkyl radicals. 

90. Corrpound of Claim 78 wherein r2 represents 
aralkyl radicals. 

15 

91. Corrpound of Claim 78 wherein r2 represents 
CH3SCH2CH2-, iso-butyl, n-butyl, benzyl, .4-f luorobenzyl, 2- 
naphthylmethyl and cyclohexv^'lmethyl radicals. 

20 92. Corrpound of Claim 78 wherein r2 represents 

an n-butyl and iso-butyl radicals. 

93. Corrpound of Claim 78 wherein r2 represents 
benzyl, 4-f luorobenzyl, and 2-naphthyImethyl radicals. 

25 

94. Conpound of Claim 78 wherein R^ represents 
a cyclohexylmethyl radical. 

95. Corrpound of Claim 78 wherein tO> , R^ and r5 
30 independently represent alkyl, alkenyl, hydroxyalkyl , 

cycloalkyl, cycloalkylalkyl, heteroc/cloalkyl, 
heterocycloalkylalkyl, aryl, aralkyl and heteroaralkyl 
radicals . 



35 96. Conpound of Claim 95 wherein r5 represents 

hydrogen. 



®1993 DERWENT PUBLICATIONS LTD 



wo 93/23368 PCT/ US93/04806 

173 

97. Corrpound of Claim 95 wherein and 
independently represent alkyl and alkenyl radicals. 

98. Corrpound of Claim 96 wherein B? and R^ 

5 independently represent alkyl and hydroxyalkyl radicals. 

99. Corrpound of Claim 96 wherein r3 arid R^ 
independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

10 

100. Corrpound of Claim 96 wherein R^ and R'^ 
independently represent alkyl, heterocycloalkyl and 
heterocycloalkylalkyl radicals. 

15 101. Corrpound of Claim 96 wherein R^ and R^ 

independently represent alkyl, aryl and aralkyl radicals. 

102. Corrpound of Claim 96 wherein R-i and r4 
independently represent alkyl, cycloalkyl, cycloalkylalkyl, 

20 heterocycloalkyl, heterocycloalkylalkyl, aryl, aralkyl, and 
heteroaralkyl radicals. 

103. Corrpound of Claim 78 v/nerein R^ represents 
alkyl radicals having from about 2 to about 5 carton ecoms. 



25 



104. Corrpound of Claim 96 wherein R^ represents 
ethyl, i-propyl, t-butyl and 1 , 1-dimethylpropyl radiciils. 



105. Corrpound of Claim 78 wherein R^, R^ and R^ 
30 independently represent alkyl radicals having from about 2 
to about 5 carbon atoms, cycloalkylalkyl radicals, aralkyl 
radicals, heterocycloalkylalkyl radicals and heteroaralkyl 
radicals . 
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106. ■ Coitpound of Claim 78 ^^erein represents . 
benzyl, para-f luorobenzyl, para-methoxybenzyl, para- 
methylbenzyl, and 2-naphthylmethyl radicals and r4 
represents t-butyl. 



5 



■ 107. Conpound of Claim 78 wherein is 
cyclohexylmetlT(^l and R^ is t-butyl. 



108. Conpound of Claim 78 wherein r3 is i-awl 
10 and r4 is t-butyl. 

109. Conpound of Claim 78 wherein R^ is i-butyl 
and r4 is t-butyl. 



15 



20 



lie. Coirpound of Claim 78 wherein R^ is n-butyl 
and r4 is t-butyl. 

111. Compound of Claim 78 v^erein R^ is neo- 
pentyl and r4 is t-butyl. 

112. Compound of Claim 78 wherein R^ represents 
alkyl and cycloalkyl radicals. 



113. Compound of Claim 78 where:- ?P represents 
25 hydrogen and alkyl and cycloalkyl radicals. 

114. Conpound of Claim 78 wherein R^ and R^ 
together with the nitrogen to which they are bonded 
represent pyrrolidinyl , piperidinyl, morpholinyl, and 

30 piperazinyl radicals. 

115. Conpound of Claim 78 wherein R^ represents 
heteroaralkyl radicals and R^ is t-butyl. 

35 116. Compound of Claim 78 wherein R^ is 

selected from p-fluorobenzyl, benzyl and p-methoxybenzyl 
radicals and is a t-butyl radical. 
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117. A pharmaceutical conposition coirprising a 
conpound of Claim 78 and a pharmaceutically acceptable 
carrier. 

■5 

118. Method of inhibiting a retroviral protease 
coirprising administering a protease inhibiting amount of a 
conposition of Claim 117. 

10 119. Method of Claim 118 wherein the retroviral 

protease is KIV protease. 

120. Method of treating a retroviral infection 
coirprising administering an effective amount of a 

15 conposition of Claim 117. 

121. Method of Claim 120 wherein the retroviral 
infection is an HIV infection. 



20 



25 



30 



122. Method for treating AIDS conprising 
administering an effective amount of a conposition of Claim 
117. 

123. Conpound represented by the forr:;; 




wherein: Rl represents hydrogen, -CH2SO2NH2, -CO2CH3, 
-CONHCH3. -CON(CH3)2, -CH2C(0)NHCH3, -CH2C (0)N(CH3) 2 , -CONH2 . 
-C(CH3)2(SCH3), -C (CH3 ) 2 (S [0] CH3 ) , -C (CH3) 2 (S [0] CH3 ) , alkyl, 
haloalkyl, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from asparagine, S-methyl 
cysteine and the corresponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleucine. 
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allo-isoleucine, tert-leucine, phenylalcinine, ornithine, 
alanine, histidine, norleucine, gliitamine, valine, 
threonine, serine, aspartic acid, beta-cyano alanine, and 
allothreonine side cl ains; 



10 



r2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and 
aralkyl radicals optionally substituted with a group 
selected from -OR^. -SR^, and halogen radicals, wherein R^ 
represents hydrogen and alkyl radicals; 



r3 represents alkyl, alkenyl, alkynyl, hydroxyalkyl, 
alkoxyalkyl , cycloalkyl , cycloalk\dalkyl , heterocycloalkyl , 
heteroaryl, heterocycloalkylalkyl, aryl, aralk>^l, 
hetaroaralkyl, aminoalkyl and mono- and disubstituted 

15 aminoalkyl radicals, v^erein said substituents are selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocycloiilkyl , and 
heterocycloalkylalkyl radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 

20 with the nitrogen atom to which they are attached, form a 
heterocycloalkyl or a heteroaryl radical; 



\ 

I 



25 



R"^ and r5, independently represent hydrogen and radicals as 
defined by R^/ or R^ and r5, together wiv.:* "-.he nitrogen 
atom to v/hich they are bonded represent h: uerocycloalkyl 
and heteroaryl radicals; 



r30^ r31 and r32 represent radicals as derTined for r1, or 
one of R^ and r30 together with one of R^^ and r32 and the 
X carbon atoins to which they are attached form a cycloalkyl 
radical; or r30 and r32 together with the carbon aton\s to 
which they are attached form a three to six-membered 
cycloalkyl radical; 



35 r33 and r34 independently represent hydrogen and radicals 
as defined for R^, or R^^ and r34 together with X' 
represent cycloaDr/l, aryl, heterocyclyl and heteroaryl 
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radicals, provided that when X' is 0, R^^ is absent; 

X' represents 0 or C(r1'7) wherein R^^ represents 
hydrogen and alkyl radicals; and 

5 

Y,. Y'and Y" independently represent 0 and S. 

124. Conpound of Claim 123 wherein Y, Y' and Y" 



10 



are 0. 



125. Conpound of Claim 123 wherein t is 0. 



126. Compound of Claim 123 wherein X' 
represents N and O. 

15 

127. Conpound of Claim 126 wherein r1 
represents l-iydrogen and alkyl radicals having from 1 to 
about 4 carbon atoms, alkenyl, . alkynyl , aralkyl radicals, 
hydroxyl radicals, and radicals represented by the formula 

20 -CH2C(0)R" wherein R" represents r38, -nR-38r39 and -OR^^ 
wherein r38 and r39 independently represent hydrogen and 
alkyl radicals having from 1 to about 4 carbon atoms. 

128. Conpound of Claim 123 v/herein r1 

25 represents hydrogen, methyl, ethyl, ben ./I, phenylpropyl, 
propargyl, hydroxyl and radicals represented b\' the formula 

CH2C{C)R" wherein. R" represents -CH3, NH2 and -OH. 

30 129. Conpound of Claim 125 wherein Ri and R^^ 

.are both hydrogen and r30 and r32 are both methyl. 

130. Conpound of Claim 125 wherein R^O is 
hydrogen and r1, R^^ and R^2 are all metliyl- 

35 

131. Conpound of Claim 125 wherein R^O, r31 and 
r32 are hydrogen and R^ is methyl. 
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132. Coirpound of Claim 125 wherein and R^l 
are both hydrogen and r30 and R^^ together with the carbon 
atoms to which they are attached form a three to six- 

5 membered cycloalkyl radical. 

133. Conpound of Claim 125 wherein X' is O and 
r33 is hydrogen or an alkyl radical. 

10 134. Conpound of Claim 125 wherein X' is O, R^^ 

is absent and r33 represents an aralkyl radical. 

135. Conpound of Claim 125 wherein r2 
represents alkyl, cycloalkylalkyl and aralkyl radicals, 

15 which radicals are optionally substituted with halogen 

radicals and radicals represented by the formula -OR^ and 
-SR9 v^ierein r9 represents hydrogen and alkyl radicals. 

136. Conpound of Claim 125 wherein r2 

20 represents alkyl, cycloalkylalkyl and aralkyl radicals. 

137. Compound of Claim 125 wherein r2 
represents aralkyl radicals. 

25 • 138. Conpound of Claim 125 wherein K- 

represents CH3SC:H2CH2-, iso-butyl, n-butyl, benz\'i, 2- 
naphthylmethyl and cyclohexylmethyl radicals. 

139. Conpound of Claim 125 v;herein r2 
30 represents an n-butyl and iso-butyl radicals. 

140. Conpound of Claim 125 wherein r2 
represents benzyl, 4-f luorobenzyl , and 2-naphthylrnethyl 
radicals. 

35 

141. Conpound of Claim 125 wherein R^ 
represents a cyclohexylmethyl radical. 
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142. Cornpound of Claim 125 wherein r3, r4 and 
r5 independently represent alkyl, alkenyl, hydroxyalkyl, 
cycloalb/l, cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkylalkyl, aryl, aralkyl and heteroaralkyl 
radicals . 



10 



143. Conpound of Claim 125 wherein r5 
represents hydrogen. 

144. Conpound of Claim 142 wherein R^ and R'^ 
independently represent alkyl and alkenyl radicals. 



145. Conpound of Claim 143 wherein r3 and r4 
15 independently represent alkyl and hydroxyalkyl radicals. 



20 



146. Conpound of Claim 143 wherein R^ and R^ 
independently represent alkyl, cycloalkyl and 
cycloalkylalkyl radicals. 

147 . Conpound of Claim 143 wherein r3 and R'^ 
independently represent alkyl, heterocycloalkyl and 
heterocycloalkylalkyl radicals. 

148. Conpound of Claim 143 wherein R^' ::d R^ 
independently represent alkyl, aryl and aralkyl radicals. 

149. Conpound of Claim 143 wherein R^ and r4 
independently represent alkyl, cycloalkyl, cycloalkylalkyl, 
heterocycloalkyl, heterocyc].oalkylal>:^^l. aryl, aralkyl, and 
hsteroarolkyl radicals. 
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151. Coirpound of Claim 125 wherein r3 
independently represent n-propyl, i-butyl, neo-pentyl, 
n-pentyl, n-he>c/l, i-arnyl, and n-butyl radicals. 

152. Corrpound of Claim 125 wherein r4 and 
r5 independently represent alkyl radicals having from about 
2 to about 5 carbon atoms, cycloalkylalkyl radicals, 
aralkyl radicals, heterocycloalkylalkyl radicals and 
heteroaralkyl radicals. 

153. Conpound of Claim 125 wherein B? 
represents benzyl, para-f luorobenzyl, para-methoxybenz>'l , 
para-methylbenzyl, and 2-naphtlT^lmethyl radicals and r4 
represents t-butyl. 

154. Conpound of Claim 125 wherein r3 is 
cyclohe^c^lmethyl and R^ is t-butyl. 



155. Compound of Claim 125 wherein R^ is i-ain/1 
20 or n-butyl and R^ is t-butyl . 

156. Conpound of Claim 125 wherein R^ is i- 
butyl and r4 is t-butyl. 

25 157. Conpound of Claim 125 wherein is benzyl 

or p-fluorobenzyl and R^ is t-butyl. 

158. Conpound of Claim 125 wherein r3 is neo- 
pentyl and R^ is t-butyl. 



30 



159. Conpound of Claim 125 wherein r4 
represents al'kyl and cycloalkyl radicals. 



160. Conpound of Claim 125 wherein R^ 
35 represents ethyl, i-propyl, t-butyl and 1, l-dimethylpropyl 
radicals . 
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161. Corrpound of Claim 125 wherein 
represents heteroaralkyl radicals and is t-butyl. 

162. Conpound of Claim 125 wherein R^ and 

5 together with the nitrogen atom to which they are attached 
represent a 5 to 8-membered heterocyclic or 
heterobicyclicalkyl radical. 

163. Coirpound of Claim 125 v;herein R^ and r5 
10 together with the nitrogen to which they are bonded 

represent pyrrolidinyl , piperidinyl, morpholinyl, and 
piperazinyl radicals. 

164. A pharmaceutical conposition coirprising a 
15 compound of Claim 123 and a pharmaceutical ly acceptable 

carrier. 

165. Method of inhibiting a retroviral protease 
comprising administering a protease inhibiting amount of a 

20 conposition of Claim 164. 

166. Method of Claim 165 wherein the retroviral 
protease is HIV protease. 

25 167. Method of treating a retroviral r:f action 

comprising administering an effective amount of a 
composition of Claim 164. 

168. Method of Claim 167 wherein the retroviral 
30 infection is an HIV infection. 

169. Method for treating AIDS comprising 
administering an effective amount of a conposition of Claim 
164. 



1 
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170. A conpound of Claim 1 which is: 
Butanediairdde, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] {2-methylpropyl) amino] -2- 
hydroxy-1- (phenylmetlr^l) propyl] -2 - [ (2- 
5 quinolinylcarbonyl) amino]-, [IS- [IR* (R*) ,2S*] ] -; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethyl ethyl ) amino] carbonyl] propylamino] -2-hydroxy-l- 
(phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) amino] - , 
10 [1S-[1R*{R*),2S*]]-; . - 



Butanediamide, N^- [3- [ [ [ (1 / 1- 

dimethylethyl) amino] carbonyl ]butylamino] -2-hydroxy-l- 
(phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) aiTiino] 
15 [lS-[lR*{R**i,2S*]]-; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (phenylmetlnyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 
23 quinolinylcarbonyl ) amino] - , [IS- [IR* (R* ) , 2S* ] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethyl ethyl ) amino ] carbonyl ] { 4 - f luoropheny Imethy 1 ) amino ] - 
2-hydroxy-l- (phenylmethyl) propyl] -2- [ (2- 
25 quinolinylcarbonyl ) amino] - , [ IS- [ IR* (R* ) , 2S* ] ] - ; 

Butanediamide, n1- [3- [ [ [ {1, 1- 

dimethylethyl) amino] carbonyl] ( 4 -me thoxypheny Imethy 1) amino] - 
2-hydroxy-l- (phenylmethyl ) propyl] -2- [ ( 2- 
30 quinolirr^lcarloonyl ) amino) - , ( IS- [ IR* (R* ) , 2S* ] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3--methylbutyl) amino] -2- 
hydro>c/-l- (phenylmethyl) propyl] -2- [ (2- 
35- quinolinylcarbonyl) amino]-, [IS- IIR* (R*) . 2S*] ] -; 
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170. A coxrpound of Claim 1 which is: 
Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethyl ethyl ) amino] carbonyl ] (2-methylpropyl ) amino) -2- 
hydroxy-1- (phenylmethyl) propi^'l] -2- [ (2- 
5 quinolinylcarbonyl ) amino] - , [ IS- [IR* (R* ) , 23'^ ] ] - ; 

Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethy 1 ethyl ) amino ] carbonyl ] propylamine ] - 2 -hydroxy- 1 - 
(phenylmethyl) propyl] -2- [ (2-quinolinylcarbonyl) amino] 
10 [1S-[1R*(R*),2S*]]-; 

Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl Jbatylamino] -2-hydro>y-l- 
(phenylmethyl) propyl] -2- [ (2 -quinolinylcarbonyl; amino] 
15 [1S-[1R*{R*),2S*]]-; 

Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (phenylmethyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2 - [ (2- 
20 quinolinylcarbonyl ) amino] [IS- [IR* (R*) .2S*] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] {4-fluorophenyimethyl) amino] - 
2 -hydroxy- 1- (phenylmethyl) propyl] - 2- [ (2- 
25 quinolinylcarbonyl) amino]-, [IS- [IR* (R*) , 2S^] 

Butanediamide, n1- [3- [ [ [ (1,1- 
dijnethylethyl) amino] carbonyl] {4-methoxyphenylmethyl) amino] - 
2-hydro>c/-l- (phenylmethyl) propyl] -2- [ (2- 
30 quinoliivlcarbonyl) amino]-, [IS- [1R*(R'M ,2S*] ]-; 

Butanediamide, n1- [3- [ [ [ (1 , 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2 - [ (2- 
35 quinolinylcarbonyl) amino]-, (IS- [1R*(R*) ,2S*] ]-; 
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Butanediamide, N^- [3- [[[(1,1- 

dimethylethyl ) amino] carbonyl] (3 , 3-dimethylpropyl) amino] -2- 
hydroxy-1- {phenylmet^^D propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] - , [IS- [IR* (R* ) , 2S* ] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylett^l) amino] carbonyl] (4-liydroxybutyl) amino] -2- 
hydro>o/-l" (phenylmethyl) propyl] -2- ( {2- 
quinolinylcarbonyl) amino]-, [IS- [IR* (R*) , 2S*] ] -; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimetliylethyl) amino] carbonyl] (4-pyridylmethyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino}-, [IS- [IRMR* ) , 2S* ] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (2-phenylethyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl ) amino] - , [ IS- [IR* (R* ) . 2S* ] ] - ; 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl ] ( 2-naphthylmethyl ) amino] - 2- 
hydroxy-1- (phenylmethyl) propyl] -2- [ (2- 
quinolinylcarbonyl) amino] - , [IS- [IR* (R* ) , 2S* ]]-: 

Butanediamide, N^- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (cyclohexylmethyl ) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2 - [ (2- 
quinolinylcarbo^yl)amino]-, [1S-[1R*(R*) /2S*]]-; 

Butanediamide, ,n1- [3- [ [ [ (1, 1- 

dimethylethyl ) amino] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
hydro>y-l- (4 -fluorophenylmethyl) propyl] -2- [ (2- 
quinolinylcar>X)nyl) amino]-, [IS- [IR* (R*) ,2S*] ] -; 



35 
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Butanediamide, n1- t3- [ [ [ (1,1- 

dimethylethy 1 ) amino ] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
hydro>c^-l- (cyclohexylmethyl) propyl] - 2- [ (2- 
quinolinylcarbonyl) amino] - , [1S-[1R*(R*) ,2S*] ]-; 

5 

Butanediamide, n1- [3- [ [ [ (l^l- 
dimethylethyDamino] carbonyl] (3 -methylbutyl) amino] -2- 
hydroxy-1- (butyl) propyl] -2- [ (2-quinolinylcarbonyl) amino] - , 
[1S-[1R*(R*) ,2S*]]-; 

10 

Propanamide, N-[3-i [[ (1, 1-dimethylethyl) amino] carbonyl] (3- 
methylbutyl) amino] -2-hydroxy-l- (phenylmethyDpropy:.] -2- 
methyl-3-(methylsulfonyl)-, (IS- [IR* (R*) , 2S*]]-; 

15 Propanamide , N- [ 3 - [ [ [ ( 1 , 1-dimethylethyl ) amino J carbonyl ] ( 3 - 
methylbutyl) amino] -2-hydroxy-l- (4- 

f luorophenylmethyl ) propyl ] -2-methyl-3 - (methylsulf onyl ) - , 
[1S-[1R*{R*) , 2S*]]-; 

20 Propanamide, 3- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3 -methylbutyl) amino] -2- 
hydroxy- 1 - ( pheny Ime thy 1 ) propyl ] - 2 -methyl - , [ 1 S- 
[1R*(S*),2S*]]-; 

25 Propanamide, 3- (acetylainino) -N- [3- [ [ [ (1/1- 

dimethyletliyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
hydroxy-1- (4- f luorophenylmethyl ) propyl] -2-methyl - , [IS- 
[1R*(S*),2S*]]-; 

30 Propanamide,, 3- (acetylamino) -N- [3- [ [ [ (1, 1- 

dimetlr^lethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
l:^dro:o^-l- (cyclohexylmethyl)propyl]-2-methyl-, [IS- 
[1RMS*),2S*]]-; 



®1993 DERWENT PUBLICATIONS LTD 



wo 93/23368 PCr/US93/04806 

185 

Propanamide, 3- (phenoxyacetylamino) -N- [3 - [ [ [ (1, 1- 
dimethylethyl ) amino ) carbonyl ] ( 3 -methy Ibutyl ) airdno ] -2 - 
hydroxy- 1- (pheny Methyl) propyl] -2 -methyl-, [IS- 
[IRMS*) ,2S*) ]-; 

5 

Propanamide, 3- (2-naphthylo>c/acetylamino) -N- [3- [ [ [ (1, 1- 
dimethylethyl) amino] carbonyl] (3 -methy Ibutyl) amino] -2 - 
hydroxy-1- ( phenylme thy 1 ) propyl] -2-methyl-, [IS- 
[1RMS*),2S*]]-; 

ID 

Propanamide, 3- (4-methoxybenzyloxycarbonyi)amino-N- [3- 
[ [ [ (1, 1 -dime thy lethyl) amino] carbonyl] ( 3 -methy Ibutyl) amino] - 
2-hydroxy-l- (phenylmethyl) propyl] -2-methyl-, [IS- 
':iR* is*) ,2S*1 ]-; 

15 

2,6,10, 12-tetraazatetradecanamide, 8-hydroxy-N, 4 , 13 , 13- 
tetramethyl-10- (3-methylbutyl) -5, ll-dioxo-7- 
( phenylmethyl ) - , [ 4R- ( 4R* , 7 S* , BR* ) ] - ; 

20 . 2,6,10,12-tetraa2atetradecanamide, 8-hydroxy-N, 4 , 13 , 13- 
tetramethyl-10- (3-methylbutyl) -5 , ll-dioxo-7- (4- 
fluorophenylmethyl)-, [4R- (4R* , 7S* , 8R* ) ] - ; 

Butanediamide, N^- [2-hydroxy-3- [ (phenylmethyl ) (1- 
25 pyrrolidinylcarbonyl) amino) -1- (phenylmethyl )propy 3 -2- [ (2- 
quinolinylcarbonyl) amino] -, [IS- [IR* (R*) , 2S*] ] -; 

Butanediamide, N^- [2-hydroxy-3- [ (4-f luorophenylmeth\-l) (1- 
pyrrolidinylcarbonyl) amino] -1- (phenylmethyl) propyl] - 2- [ (2- 
30 quinolinylcarbonyl) amino] - , [IS- [ IR* (R* ) . 2S-^ ] ] - ; 

Butanediamide, N^- [2 -hydroxy-3- [ (3-mG thy Ibutyl) (4- 
morpholinylcarbonyl) amino] -1- (phenylmethyl )propyl) -2- [ (2- 
quinolinylcarbonyl) amino] [IS- [IR* (R*) ,2S*] ]-; 

35 



©1993 DERWENT PU BLICATIONS L TD 



wo 93/23368 



PCr/L'S93/04806 



186 



10 



Butanediamide, n1- [2-hydroxy-3- [ (4-fluorophenylinethyl) (4- 
morpholinylcarbonyl) amino] -1- (phenylmethyl ) propyl] -2- [ il- 
quinolinylcarbonyl) amino] - , [IS- [IR* (R* ) , 2S* ] ] - ; 

Butanediamide, N^- [2-hydroxy-3- [ {4-fluorophenylinethyl ) (1- 
piper idiny Icarbony 1 ) amino ] - 1 - ( phenylmethyl ) propyl ] - 2 - [ ( 2 - 
quinolinylcarbonyl) amino] - , [IS- [IR* (R* ) . 2S* ] ] - ; 

Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] - 2- 
hydroxy-1- (phenylmethyl) propyl] -2 , 3 , 3-trimethyl- , [ IS- 
[IR* (28*) ,2S*] ]-; 



Butanediamide, N^- [3- [ [ [ (1 , 1- 
15 dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 

hydroxy-1- (4-f luorophenylmethyDpropyl] -2 , 3 , 3-trimethyl- , 
[1S-[1R*(2S*),2S*])-; 

Butanediamide, N^- [3- [ [ [ (1 , 1- 
20 dimethylethyl) amino] carbonyl] {3-methylbutyl) amino] -2- 
hydroxy-1- (phenylmethyl) propyl] -2 , 3-dimethyl- , [IS- 
[IR* (2S*,3R*) ,2S*]]-; 

Butanediamide, n1- [3- [ [ [ (1, 1- 
25 dimethylethyl) amino] carbonyl] {3-methylbucy: amino] -2- 

hydroxy-1- (4-f luorophenylmethyDpropyl] -2 , 3 -dimethyl- , [IS- 
[1R*(2S*,3R*),2S*]]-; 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 
30 dimethyleth:/l) amino] carbonyl! (3-methylbutyl) amino] -2- 
hydroxy- 1 - ( phenylmethyl ) propyl 1 amino- 2 , 2 , 3 - 1 rime thy 1 - 4 - 
OXO-, [1S-[1R*(3S*) ,2S*].]-; 

Butanoic acid, 4- [ [3- [ [ [ (1, 1- 
35 dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] - 2- 
hydroxy- 1- ( 4 - f luoropheny Imethy 1 ) propyl ] ami.no- 2,2,3- 
trimetlTyl-4-oxo- , [IS- [ IR* ( 3S* 1 , 2S* ] ] - ; 
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Butaneamide, 

2- ( acetylairano) -N- [3 - [ [ ( ( 1 , 1- 

dimethylethy 1 ) amino] carbonyl ] ( 3 -methylbutyl ) amino] -2 - 
5 hydroxy-1- (phenylmethr^^l) propyl] -3, 3-dimethyl-, (IS- 
[1RMR*),2S*)]-; 

Butaneamide, 

2- (acetylamino) -N- [3- [ [ [ (1, 1- 
10 dimethylethyl) amino] carbonyl] ( 3 -methylbutyl) amino] -2- 

hydroxy- 1 - ( 4 - f luoropheny Imethy 1 ) propyl 1-3,3- dimethyl - , [ 1 S - 
[1R*{R*) ,23*] ]-; 

Butaneamidt-:, 
15 2- (acetylamino) -N- [3- [ [ [ {1, 1- 

dimethylethyl) amino] carbonyl] (4-f luoropheny Imethyl) amino] - 
2-hydroxy-l- (pheny Imethyl) propyl] -3, 3 -dimethyl- , [IS- 
[1R*(R*),2S*]]-; 

20 Butaneamide, 

2- [ (2,2-dimethylaminoacetyl)amino]-N- [3- [ [ [ (1,1- 
dimethylethyl) amino] carbonyl] (3 -methylbutyl ) amii^no] - 2- 
hydroxy-1- (phenylmethyl) propyl] -3 , 3 -dimethyl- , [IS- 
tlR*(R*) ,2S*] ]-. 

25 

or; 

Butanediamide, n1- [3- [ [ [ (1, 1- 

dimethylethyl) amino] carbonyl] (3-methylbutyl) amino] -2- 
30 hydroxy-1- (phenylmethyl) propyl] -3- [ (2- 

quinolinylcarbonyl) amino]-, [IS- [1R*(R*) ,2S*] . 
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